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It is natural to find the study of science expanding in 
our day. And, along with new patterns ill the curricu- 
lum, new needs have naturally arisen. If science is to 
be presented meaningfully to the younger student, he 
must be given reading which will throw light, in terms 
he can understand, on several matters of root impor- 
tance: 

1. I’hc methods basic to all science 

2 . 'llie historical growth ofc science 

3. I’hc relation between natural and social sci- 
ence 

4. 'I’hc connection between sciences and art^ 

This book tries to fill these needs \^(ithin the limits 
of a brief aint non-technical presentation. It is de-- 
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signed for use at any stage of the pupil's work in 
natural or social science, and does not assume any 
previous training. It can therefore be used as an intro- 
duction to science work, or in connection with study 
at a later stage. 

If students enjoy reading this book half as much as 
I enjoyed writing it, they will never regret the time 
spent on it. As each chapter was finished, every word 
was gone over thoroughly by* Rose Somerville, as^ a 
teacher, and Greg Somerville as a pupil. Their very 
competent work contributed wonderfully to whatever 
value the book possesses. Since the former is my wife, 
and the latter our older son (the other is the “patient 
observer”) , the whole thing is obviously a family 
afFair. 

The godfather in the case is Henry Schuman, who 
is far more than just a publisher. He not only gave his 
own critical consideration to the work, but enlisted the 
valuable co-operation of others. To all of these I wish 
to express iny deep appreciation and gratitude. 
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CHAPTER 


1 


Why We Study S cience 


MODERN SCIENCE AND ALADDIn’s LAMP 

Everybody knows that science is a large and impor- 
tant part of our world today. In fact, at almost every 
moment of our lives, whether we are conscious of it 
or not, we are relying upon science. It helps us out of 
many a difficulty that our forefathers never learned to 
overcome. It brings us many an enjoyment they never 
dared to hope for. It puts into our hands many a power 
they never even dreamed of. 

As a matter of fact, it is no exaggeration to say that 
miahy of us would not be here at*all if it were not for 
s'cicnca Take your own classmates for example. Under 
the conditions of a ^ouple of centuries ago, before 
medical science was well developed, a considerate 
proportion of them would not have lived long enough 
to reach even ihe age level of your cld^s. 
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Some would have died at birth, from causes which 
we now prevent. Others would have died early, from 
sicknesses like smallpox, which we have practically 
wiped out through vaccination, or, from a number of 
“children’s diseases,” such as diphtheria and scarlet 
fever, which we now control by various forms of treat- 
ment or prevention. A number would certainly have 
died from appendicitis or other such ailments, for 
many of the surgical operations of the present day were 
unknown. 

•Now take, for another example, a gathering of per- 
sons of all ages, like those who assemble at graduation 
day— mothers, fathers, old folks, as well as children. 
The percentage of “those who wouldn't be there if it 
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weren't for science” would be even higher. For peo- 
ple today live much longer than was the case a century 
or two ago. For instance, the average length of l ife in 
this country around the i8i;o's was ab out forl^ years. 
Now the jverage Ifi ngth of life is more than sixty-five, 
years; and further progress is steadily being made, year 
by year. A quarter of a century of added life— this is 
indeed a precious gift. It is there because of the suc- 
cessful efforts of science. 

’ Of course, it is not only medical science, and the 
fields connected with health, which play an important 
part in our lives, it is not only when we arc ill that we 
call upon science. Practically all of the time, in health 
or sickness, awake or asleep, we are making use of its 
piowers. 

When we listen to music or speech over the radio, 
when we see a movie or watch television, when we talk 
on the telephone or send a telegram, when we read a 
book by electric light, when we travel by car, plane, 
rail, or steamboat, when we put a supply of food into 
a refrigerator or a pile of clothes into a washing ma- 
chine, whenever we flick a switch, press a button, or 
read a dial, we arc calling upon the sciences and making 
them work for us. Many of the things we now do in 
this way, with the help of science, make the story of 
Aladdin's lamp into an every-day* occurrence for each 
one ot us. I'hc “ make-belief” ofj^sterday becomes 
the jeality o f today. 

In our own co'untly particularly, we see on every 
side the amazing results of scientific achievement. 
use more mgphines and gadgets— and produce moi;e 
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machines and gadgets to be used— than any nation in 
history so far. In other words, ours is the most highly 
industrialized country the world has yet seen. And the 
amount of industrial development is one of the most 
important causes of a nation’s pofver in international 
affairs. Industry means wealth and weapons— the abil- 
ity to produce things useful to peace or war. 

Now this whole industriarsystem, as it exists in our 
land and in others, is the resujt of science. Factories, 
plants, power stations, construction projects, commu- 
nications centers, transportation systems and the like 
are all examples o f applied sci ence. Most of the com- 
plex machines, appliances, and ^dgets we depend 
upon in our daily lives are practical applications of 
modem scientific knowledge. 

It is extremely unlikely that anyone could have 
invented anything like the automobile, electric light, 
telephone, or radio until the basic principles of sci- 
ences like physic s and chemistry were established and 
known. The reason is that these inventions amount to 
a u^g o( those scientific principles in some particular 
way that will benefit us._If_a pers on does not know 
how electricity works, will he have much" cha nce of 
proaucihg^^TTCw^ectricarapplTance? To ask anyone 
to iiivenT an automobile or radio iiT a world where 
physical sciences did not yet exist would be a little 
like expecting a baby to learn to skate before he has 
learned to walk. It might be barely possible, but it is 
hardly probable. 

•However, once the child has learned to walk, he will 
probably learn to*skate, if he lives in a pl^ce where it is 
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physically possible to do so, and where people like to 
skate.IJn the same way, once the laws and principles 
of sciences like physics and chemistry have been dis- 
covered, it is quite Jikely someone will invent things 
like the automobile and radio, which apply those prin- 
ciples, which put them to work for us in ways we con- 
sider desirable. 

Scienc e prevents suffering, cures diseases, le ngth ens 
life, wings us through sjaace, transports us on land or 
water, and under land or water, buil ds our houses, 
.makes our clothing, pres erves our food, purifies our 
water, increases our enjoyments, d eepen s biir under- 
standing, w arms us in winter, cool s us in summer, and 
for us day and night in a thousand different 
waysi.)But that is not the whole picture. There is, un- 
fortunately, a dark and grim side to it as well: Science 
also threatens to destroy us by means of deadly wea- 
pons. 

To speak only of the most recent and dramatic of 
these, it is enough to mention the newer.types of 
atomic bombs, and the “hydrogen bomb,” far more 
powerful than the original atomic bomb. WTien we 
reflect th at the ve ry first and “simplest” atomic boinb 
was_powerful enough actually.. to_.kiIl more than 15b,- 
t^o peop I^aFone explosion, we realize that the powers 
of science can cut life short as well as increase it. They 
can be used either for good or for ill. 

These powers are ifideed something like the genie 
in Aladdin’s magic lamp. Once called forth, they go 
wherever they are sent, and will do the bidding 5 f 
whoever is thdr master and understand them, whethej 
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that bidding is to kill or to cure, to harm or to help. In 
short, science can be used for people or against people. 

.But why should anyone want to use science for 
wholesale destruction an^ slau^ter? In one ^sen^, 
the answer is that there is such a thing as war between 
nations, in the course of which millions of people use 
deadly weapons to try to kill millions of other people. 
If each person were asked individually whether he 
really wanted to kill a lot of other people he had never 
seen before in his life, the vast majority would un- 
doubtedly answer no- 

Why, then, do we find that so many people, on so 
many occasions, have set out to slaughter one another 
in international warfare? Why do people find them- 
selves in such a position, doing something they have 
no real wish to do? It is clear that certain problems and 
difficulties must have arisen among these people and 
between these nations which they did not or could not 
solve in a peaceful way. 


THE PLACE OF SOCL\L SCIENCE 

What kind of difficulties and problems arc these? 
They are problems that arise out of living together in 
the same world. As^you know from experience, living 
together with others in the same house or the same 
neighborhood, playing with others in the same yard, 
or working with others in th^ same classroom can 
lead to all kinds of disputes and arguments. Spmetinij^ 
these argument^ become fights in which, ’ unfortu^. 
nately, violence of one kind or anoth|^^sed. ^ q 
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Now if people who know one another personally, 
who speak the same language, and who recognize the 
same government can sometimes get into violent 
quarrels, it might not seem surprising that nations also 
can get into such disputes. Indeed, it might be said 
that nations could more readily fall into disputes, since 
they do not ordinarily recognize the same government, 
seldom speak the same language, and sometimes have 
very different customs %nd ways of life. Yet they must 
all share the same world. 

The people of different nations trade with one an- 
other, sail into one another’s harbors, cross one an- 
other’s lands, visit one another, learn from one 
anotliet, and enjoy one another’s company. In other 
words, they exchange goods, persons, ideas, songs, 
information, music and dances, arts and crafts. If they 
did not do this, life would be dull and primitive 
indeed. 

Prob lems wh ich arise out of the fact that people live 
together and have d^iings with one another are cal led 
social problems. Social is a broad term, which includes 
economic matters, having to do with producing, buy- 
ing, and selling goods; political matters, having to do 
with forms of government, constitutions, and laws; 
domestic matters, having to do with family affairs; 
educational matters— in fact, everything that concerns 
group life. 

Sometimes problerns arise because people or na- 
tions cannot manage their economic affairs properly. 
They may not have enough goods, or they may have 
too much. They may find it too difficult to make a 
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living, or they may want to make a living by taking ad- 
vantage of others, perhaps by robbing them. Some- 
times problems arise because people have bad govern- 
ments, which allo^ir or even compel them to do 
harmful things they otherwise would not do. 

Many difficulties arise out of ignorance. For ex- 
ample, where people know little or nothing about 
other people or nations, it is easy for fear, suspicion, 
awd prejudice to grow nip. And all these may lead to 
unnecessary disputes. 

In other words, many of the causes that make na- 
tions quarrel with and war against one another arise 
from SQcial problems. Many of the causes of trouble 
,or unliappiness within a nation spring from the same 
source. Right here is where science comes into the 
/fiicture again. One of the most remarkable developi- 
ments which took place during the last century was 
the birth of organized social science. This is a form of 
knowledge that is still in the early period of its growth. 

Social science, or social studies, includes .all fields 
dealing with social problems: economics, politics, gov- 
ernment, history, education, and the like. ITie idea 
behind it is simply this: We should try to investigate, 
observe, and study social problems as carefully and 
systematically as we do natural or physical problems. 
If we do, we may little by little build up sciences in 
these social fields. That is, we may discover all sorts of 
things about the social problems which will help us 
to understand and deal with them better. Whenever 
you know why someth ing happens, you are in a much 
better positio3To pr^cnror 'wntroT rf!" _ 
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We have, in fact, already accomplished a good deal 
along this line; and it is our aim to accomplish more 
and more. If we build up better and better knowledge 
in our social sciences, we may be, able to prevent evil 
or harmful uses of the discoveries of physical science. 
We may be able to control various sources of trouble. 

Thus, more and better science may well be the 
answer to the dangers created by certain scientific in- 
ventions and discoveries. We may learn through socj^al 
science Jo solve many problems which would otherwise 
lead to large-scale war, or other ev^s^ just as we are now 
able' through physical science to prevent many dis- 
eases, which once resulted in countless deaths. 

TO UNDERSTAND THE WORLD BETTER 

In all these facts, anyone can see many reasons why 
we study science: because it so frequently enters into 
our lives, because it gives us so many benefits, because 
it can create weap>ons that threaten us v«th destruc- 
tion, because it may be able to remove the causes for 
using such weapons. These are certainly reasons 
enough for studying any subject; but in truth, there 
are other reasons quite as compelling. 

Man is not a creature who just takes the world as he 
finds it, without as^ng questions. Even a baby is al- 
ways inquiring: ‘'why?”„5iid “How?” That’s where 
science often begins. •‘Man wants to know. He is not 
satisfied until he feels he underfunds}. If you woke up 
some morning and found yourself in a strange bed, in 
Estrange house, in a strange land with strange people, 
you would certafnly want to ask many questions. Prob- 
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ably the first would be: “Where am I? How did I get 
here? WTiat is this all about?” 

You or I would ask these questions not because we 
were told to or taught to, any more than we breathe 
because we're told to or taught to. We would ask them 
because we are normal human beings. A normal hu- 
man being just does not feel comfortable unless he 
has some kind of understanding of where he is, how 
he got there, and what it is all about. Otherwise, he 
wo hid feel there was something lacking; he would be 
troubled; he would keep coming back to the questions 
until he got some kind of answer that satisfied him. 
The roots of science, the process of question and an- 
swer, are m human nature. 

• In one way, the example we used is not so fanciful 
as it might seem. In a sense, everyone bom into this 
world finds himself in a strange land with strange peo- 
ple. At least, it is all strange to him! Not a bit of it had 
he ever seen before. So, naturally, the whole business 
raises a thousand questions in his mind. 

The first time a child sees water, he has no i 3 ea that 
it can drown him, or that fire can bum him, or that 
night always follows day, or that plants grow up from 
seeds, or that chicks can only come from hen’s eggs, 
or that people are more irritable when they are hungry, 
or that there are many nations with^vays of life differ- 
ent from his own. It is all new. 

First of all, he learns that things of this kind do exist 
and do happen. Some *bf his knowledge he will un- 
doubtedly acquire the hard way, through bitter experi- 
ence and many^ painful lesson. But tfte matter does 
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not end there. It might end there for a dog or a cat, 
for they, too, learn to accustom themselves to the way 
things happen and to act accordingly. But it does not 
end there for a child. 

A human being is not satisfieS with the mere fact 
that something does happen in a certain way. He wants 
to know and it happens in that particular 
way and not some other way, and he keeps trying to 
find an answer. That is one^ reason why the human 
being can claim to be something more than the dog 
or the cat. He keeps tryin g to find a n answer. 

For even after we have grown used to the fact that 
fire bums, the question still remains; Why does fire 
bum? What happens? What actually takes place? 
How does fire change a piece of paper or a stick of 
wood into a little bit of ashes? How is a chick formed 
from a hen’s egg? What actually happens? Wliy is a 
person more irritable when he is hungry? What is 
going on inside him to cause his irritation? Why are 
there so many nations, with such different ways of 
life? How did it happen? 

These, and a thousand others like them, are ques- 
tions we humans ask about the world in which we find 
ourselves. The best way we have discovered to try to 
answer t hem is called science. In other w ord s, sc ienc e 
tries to fulfill one t)f ro an’s stron gest n^d^— to mickr- 
stand. it tr ies to gi ve h im something he always wants 
—ans wers to his_ questions. 
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TO ENJOY THE WORLD MORE 

There is another fact about yourself that is very 
important; When jjou understand something, you 
enjoy it more. You can see the truth of this clearly in 
such activities as sports and dances. Suppose, for ex- 
ample, you knew nothing ^about baseball or football, 
folk dances or square dances. Even so, you might find 
a qprtain amount of interest and enjoyment in watch- 
ing the games or the dances, in spite of the fact that 
you did not know “what it was all about.” The mere 
fact that people were running around, kicking or hit- 
ting a ball, or keeping time to music in some way, 
y'Ould"prbbably attract and hold your attention for a 
while. 

But how much more interesting and enjoyable these 
things can be when you know “what it is all about,” 
when you know the rules of the game or the move- 
ments of the dance, when you know why a player or 
dancer is doing what he is doing, when you know what 
to expect and how to look for the “fine points,” when 
you can “keep score” and judge the abilities of the 
performers. Then you really enjoy what you are watch- 
ing. And you can also add to your enjoyment by dis- 
cussing the event with others, comgaring it with past 
performances or making predictions about future per- 
formance. 

But, of course, the interest and enjoyment are not 
only for the spectator. In the great majority of cases, 
the participants probably get the most enjoyment of 
all. It is clear tlfat this kind of enjoym^t is quite im- 




possible without knowledge. Thus, having the fun de- 
pends on knowing the game, and knowing the game is 
part of the fun. 

This tmth applies not only to pastime^ like athletics 
or dancing. Jt applies to all of life, to all that we come 
across in the world. For example, practically everyone 
likes to see green things growing up in springtime, 
or to hear the difFerent notes of birds as he walks 
through the woods, or to look at the sky filled with 
thousands and thousands of stars on some clear night. 

But doesn’t it add to our enjoyment when we can 
recognize and name the different plants and flowers, 
when we can make predictiops about the next stage 
of their growth and see those predictions come tme, 
'when we can identify the various birds, and tell the 
difference between a note of alarm ai^ a note of joy. 
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between an aggressive and a friendly call, when we 
know why certain stars are brighter than others, or 
what the “milky way” really is, or why there seem to 
be “falling stars”? Such scientific knowledge brings us 
closer to the things we enjoy. It deepens and increase 
our very enjjoyrnent. 

There is another side to Jthis: Sometimes we fail to 
take an interest in and enjoy things just because we 
don’t know enough aboubthem. It may be hard to take 
much pleasure in something we know very little about. 
On the other hand, the more we know about some- 
thing, the more we are able to make of it, the more 
interesting questions we can raise about it. Knowl- 
edge erffei louses interest, and interest often leads to 
more knowledge, which leads to more interest, and so 
on. 

After all, what is knowledge? It is the truth about 
things, which must be discovered. Discovery is adven- 
ture. To find out something that was hidden is fun. 
The human being enjoys the process of proving some- 
thing, of showing that a certain thing is so, or that a 
certain explanation is right. Just as we find children 
asking all sorts of questions without being told to, 
about things which interest them, so we also find them 
taking enjoyment out of proving and explaining things 
to one another, long before they go to school. 

Why do children who have never even been to 
school take pleasure in explaining and proving? It is 
because these things are triumphs, victories, achieve- 
ments. The unknown, or someone else’s lack of knowl- 
edge, is a sort oi challenge to us. WTrenVe accept the 
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challenge and can show we have discovered- the right 
answer, it is like winning a game. Thus, knowing some- 
tliing, even if it is very simple, and knowing that we 
know it, is pleasing to us. While science is not simple, 
it is in some ways like a fascinating game. 


EVERYONE CAN USE THE \lETHOD OF SCIENCE 

Insofar as science is a gaiiie, it is one that anybody 
can learn to play, because the whole basis of scienfce— 
observing, thinking, explaining, proving— is part of our 
normal behavior, and an enjoyable part, long before 
we are able to define the word itself. Science is not a 
mysterious affair, and the key to it does not belong only 
to some privileged few. While it is true that people afe 
not all equally good at science, or at anything else, 
everyone can use the method of science to some ex- 
tent. Everyone can learn to use it better, and thus gain 
greater benefits, greater understanding, -greater enjoy- 
ment. , 

We say everyone can learn to use the method of 
science better, because the fact is that everyone already 
uses it to some extent, whether he knows it or not. 
Once I overheard two children seated on the swings 
side by side in a park playground. They were about 
five years old. Th'feir conversation went something like 
this; 

“Why is your dog trying to eat that paper?” 

“He’s not trying to eat the^^paper.” 

“He is so. He’s licking it and chewing it.” 

“Then theife must be something good on the paper.” 
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“I don't see anything on the paper. It's just paper.” 

“Tliere must be something on it that's good to eat.” 

“I don’t see anything on it. Maybe your dog just 
likes paper.” 

“He doesn’t like paper. Cricket never eats paper, 
except when there’s something on it.” 

“I don’t believe it. Show me what’s on it.” 

They both got off their swings. After a little diffi- 
culty, Cricket’s owner took the paper away from the 
dog. TSoth children looked it over carefully and smelled 
it. 

“See. I told you. There’s nothing to eat on it.” 

“There must be something on it, but we can’t see 
it.^Cricket'wouldn’t eat paper." 
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“How do you know? He might like paper.” 

“Oh, no. You can give him paper. Go ahead. He 
won’t eat it. He won’t even lick it, unless there’s some- 
thing on it. There's a newspaper on that bench. Give 
it to him.” 

The other child was afraid to do this, so Gricket’s 
owner stuck the newspaper under the dog’s nose. 
Cricket sniffed it once, and took no further interest in 
it. But he kept trying to get at the paper that had been 
taken away from him. 

“See? I told you. He wants the first paper ’cause 
there’s something on it.” 

And the other child, quite reasonably, repeated: 
“Must be something on it.” 

Without knowing it, these children were using the 
basic elements of the scientific method. From their ob- 
servations they formulated a problem. They discussed 
possible solutions of it. 'Then one of them devised an 
experiment that seemed to prove his solution correct. 
Of course, it was not complete proof, but it was cer- 
tainly a beginning. 

As a matter of fact, the child's approach in this case 
was not so very different from that taken by the great 
French scientist of the nineteenth century, Louis Pas- 
teur, who showed why milk or any other suc h fo od 
goes bad wheri left, exposed. J^asteur’s explanation was 
Jliat tiny organisms (bacteria or microbes) , so small 
we can see them only with a microscope, are floating 
through the air on various^dust particles. These tiny 
living thin^ drop into the milk, upon which they 
feed and multiply. 
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The child had the idea of proving his point by show- 
ing that when paper had not been in contact with 
food, his dog did not try to eat the paper. Pasteur 
proved his by showing that when he sealed off the milk 
from contact with the a*r (after first heating it, so as 
to kill any organisms already in it) , it did not go bad; 
no microbes could be found in it, 

I’his discovery, by the way,'not only led directly to 
the “pasteurization” processes we use today, but helped 
to establish the germ theory of disease. “Gerrris” are 
forms of bacteria or microbes, and many diseases occur 
"because they get into the human body, where they 
Teed and multiply. 

~We arc" <.41 scientists to some extent, for we all use 
observations and make experiments to try to solve our 
problems; and we all find it interesting to do so. I£ we 
gain a better grasp of scienee we shall certainly be able 
to solve our problems more efficiently, understand the 
world better, and enjoy it more. 



CHAPTER 


2 

How Science Was Born 
A-nd B e^an To Grow 


WHY IT HAPPENED TO MAN 

How dijd it happen that no creature except man ever 
built up sciences? Why couldn’t licms or tigers, ele- 
phants or monkeys do the same? ’I’he answer to this 
question depends on another. Wliat do you need in 
order to create such a form of knowledge as science? 
If you think it over, you may be able to answer this 
question yourself. It is clear you need a number of 
things, f ust to say *‘a brain” would be too simple. 

For example/^ wouldn’t it be pretty difficult to have 
sciences unless you already had language ? You must 
be able to name things, keep records of them, write 
about them and discuss them with others, in order to 
build up extensive knowledge. For that you need some 
system of signs that stand for things. 
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Our language is a system of spoken words that 
stand for things, and also a system of written symbols 
that stand for the same things. Everything we speak 
by means of the vocal sounds we can also write by 
means^ the visual sigfts. 

We grow so accustomed to using language, spoken 
and written, that we take it for granted. We are apt 
■pi forget that it is an invention, that it had to be 
created. It is part of tire foundation on which science 
rests? 

The first great idea in the invention of language, 
then, was to have a spoken sound or written symbol 
stand for a thing, like tree, or for a quality, like large 
or smair. \ 3 ometimes even a gesture symbol would do, 
as in the case of the “sign language” of certain Ameri- 
can Indians.) Then, even in the absence of that thing 
or quality, it could still be referred to, discussed, ex- 
plained, communicated to others. Once people got 
that idea, it was bound to grow, for, by making new 
symbols, more and more things and qualities could 
be named, distinguished from others, and thus dealt 
with better. 

The next great idea of language, as we just said, was 
that one system of symbols, such as spoken sounds, 
could be translated into another system of symbols, 
such as written characters. At first, tlfe written charac- 
ters were pictures, each standing for a complete word. 
This meant learning a multitude of different charac- 
ters. Later, alphabets wore invented, simplifying the 
process of reading and writing. 
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Of course, man could not have invented spoken or 
written words without certain natural possessions. 
First of all, he had to have phy si cal senses, par ticularly 
sight, hearing, and touch. Wit hout senses7Tie~ would 
not be aware of tTTe world at all; in fa c t. Tie wou ld not 
'be alive— at least , not f or lo ng. Under ordinary circum- 
stances, to stay alive we must^bc able to take in food, 
react to our surroundings, avoid dangers, and the like. 
To do these things, we rely on the senses. 

In the case of spoken language, a good vocal appara- 
tus, capable of making a great variety of sounds, is, of 
course, extremely useful. For written language, a hand 
with fingers capable of holding some small implement, 
and manilAtlating it with care and exactness, so as to 
form recognizable characters, is similarly useful. With- 
out such natural possessions, it probably would have 
been impossible for man to learn to talk and write. 

Connected with the phys ical s ense s, and vN nt^t he 
workin g of hands and vo ice, mmi has th^grgit_a^ 
^ntage of a complex brain incclianism^This living 
tnsTrument allows him to direct and control his move- 
ments, to make various muscles and organs of his 
body do what he wants them to do. It allows him to 
remember and to think. 

If man had never possessed the ability to control his 
own movements, to handle and maliipulate objects 
around him, it is hard to see how he could have de- 
veloped much ability to think and reason. Reasoning, 
if it is to be done at all, has to be about some particular 
thing. In order to do it, we must be able to focus on 
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the thing in some way, go to it, examine it, follow it 
up, and go back to it when we want to think about it 
again. 

If we could not do that sort of thing, it would be 
impossible for us to develop ofir reasoning ability. And 
if we could not develop reasoning ability, it would 
certainly be impossible for us to build up sciences. 

However, does all this explain why lions, tigers, 
elephants, and monkeys never worked out sciences? 
Someone might well point to the fact that thest ani- 
mals have very good physical senses, even keener than 
man’s in many ways. They also have a powerful vocal 
apparatus. And we must not forget that animals of this 
kind have a brain structure, too. What, then, is the 
answer? * 

It is a matter of degree, but that degree is very im- 
portant. Animals like lions and tigers do have certain 
sense organs superior to man’s, such as that of smell. 
But this advantage does not make up for the fact that 
their brain structure is far less complex, and is there- 
..fore capable'of fewer operations. 

Also, lions and tigers have another great disadvan- 
tage. Although they have enormous physical strength, 
they have no bodily members, which, like the fingers, 
can manipulate things carefully, create and use tools, 
build things. Until you can perform operations of 
that kind, you cannot develop much knowledge. For 
knowledge means finding out how things work, and 
you cannot find out how things work unless you are 
able to work on them and with them, carefully and 
exactly. 
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* Some lions, as we know, can be taught to perform 
difficult feats, like jumping through a burning hoop. 
But even the cleverest lion cannot be taught how to 
construct and use a mjcroscope. And he will gobble 
down poisoned meat that can kill him as happily as 
he does good meat that nourishes him. Some humans 
are sometimes like that, too. But the difference is that 
there are other humans who do know the facts, and 
can Jeach them to those less informed. Unfortunately 
for lions, there are no such other lions. 

Monkeys are much better off as regards hands and 
fingers, and that is certainly one of the reasons why 
monkeys ^re far cleverer than lions or tigers. Monkeys 
can be^ taught to use implements that require careful 
manipulation, such as a knife or fork; and they can 
learn to op)erate a fairly complex piece of mechanism, 
such as a bicycle. It is not at all surprising that crea- 
tures who can do things of that kind are closer to man, 
in the scale of evolution, than lions, tigers or elephants. 

However, we are not trying, in this book, tp give 
anything like a complete story of the development of 
human intelligence. We are only pointing out som e 
of the main things man had to ha^^ before he cou ld 
build up sc iences: physical senses, complex brain 
mec hariisr hTwritten lang uage, a hand^ an d finger struc- 
fure^capable oFmaking an d using tools. Be c ause he 
pos^sed and developed^combination of things like 
these, man, rather tha n some other creature, became 
the creator of science. ~~ ’ 
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BEGINNINGS IN THE EAST 

If we consider how science began among men, and 
how it gradually grew up, the history of it in one sense 
makes it seem very old, and in another sense, very 
young. It depends upon what we compare it with. 
According to a good d^al of evidence found so far, 
writings was probab ly i nvented about 6,000 yeais.a^o 
IrTEgypt. And, as we just saw in our discussion, it is 
Tni^ssiBre to have any real development of scientific 
knowledge until we have written language. 

If we considered science as much as 6,000 years old, 
that would be a very long time compared to the life 
span of a person, but it would be a very short pcripd 
compared to the life span of a planet like our earth. 
The evidence we now have does not allow us to speak 
with great exactness, but certain scientists estimate 
that our earth is now more than a billion years old. In 
terms of such a time span, 6,000 years ago seems very 
recent! 

Looking ahead into man’s future, we might put it 
this way: If it took man but 6,000 years to progress 
from the first crude writing to the harnessing of atomic 
energy, think what he might be able to accomplish in 
the next 6,000 years of progress! It is almost impossible 
for us to imagine. IIow difficult it would have been 
for the ancient Egyptian, just beginning to grasp the 
idea of a written language, to look ahead to electric 
lights, radios, jet aircraft, or htomic energy. 

The earliest beginnings of systematic knowledge 
seem to haVfe occurred in regions wlfich we call today 




tlje Near East or Middle East— in Egypt and lands 
near it, such as ancient Babylonia (a part of the coun- 
, \.pj now called Iraq) . In the period between 4000 b.c. 
"^(that is, about 6,000 years ago) and 600 b.c. (about 
2,500 years ago) the most important successes in the 
first efforts to build up knowledge were attained in 
mathematics and astronomy. 

Why did the beginnings take place in these sub- 
jects? While we cannot yet answer such a question 
completely, we know many things that certainly throw 
light upon it. As civilization grew up, some of the 
earliest pursuits on which people defended were agri- 
culture, the use of animals, and trading. There is a say- 
ing, “Necessity is the mother of inven^n,” and it is 
easy_tq]iee_the gr^t need for mafliematics. -e specially 
arithrnebc and simple geo m etry , in order to measure* 
'plots of land^ build large houses, count stock, and 
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occhange good s. As early as around ^i; oo b.c. th e 
'Egyptians were u sing a de cimal Astern of numbers . 
Bf 1700 B.c. the fnnnHaf;i ons gf gf;oTnp<-Ty we re defi- 
nitely esta bliihed. 

It is also important that man is a traveling creature, 
from both necessity and choice. Either in pursuit of 
food and animals, or out of curiosity, or to engage in 
trade, people moved about a good deal, over land and 
water, by day and night. To do that, they needed to 
know how to tell directions and how to recognize Jand- 
marks which everyone could see. 

The best “landmarks,” which everyone can see, are 
in the sky. (They are really skymarks.) It is from the 
rising and setting of the sun in the daytime, and of the 
stars and moon at night that man was able to establish 
directions, and guide himself on his travels. These 
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wonderful lights in the sky move, but they move in 
regular paths and cycles. 

For example, everyone can see that the sun alwa)^ 
rises at one side of the horizon, always travels in a 
regular arc across the sky, and always disappears below 
the horizon on the other side. Here were direction 
points that all could agree on: East is where the sun 
rises, west is where it sets. 

Here, also, was the possibility of the same measure 
of tTme for everyone: Let a full day and night be con- 
sidered as all the time between one rising of the sun 
and its next rising. This unit of time could then be 
divided into smaller units, such as hours or minutes, 
and multiplied into larger units, such as weeks and 
months, ^e idea of a “ day** dMded-inlXLA-dcfimla^ 
numb^ o f **hours” orig inated among the B aby lonians 
thousands of years ago. Afi_early as 4000 b.c. Egyp- 
tian s Had e sta blished a calend ar ‘.yc?!” .9jL.3L^-5,. 
'“’’When people observe a few things about numbers, 
measurements, stars and sun that are very helpful to 
them in their activities, they naturally observe and in- 
vestigate these things further, just as people who find 
precious metal near the surface are inclined to dig 
deeper in the same place. Tlius Egyptians, Babylo- 
nians, and others worked out a number of simple 
mathematical principles, and kept ‘good records of 
many astronomical and other observations. Hence, 
they were able to survey land, carry on trade and com- 
merce, and even prediet eclipses, especially of th<^ 
moon. 

At the same time that these earliest beginnings of 
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what we now call mathematics and physical science 
were taking place, people were also, of necessity, at- 
tempting to build up social knowledge. They had to 
try to solve their problems of living together. They set 
up various forms of government, laws, family systems, 
economic practices, and the like. For example, one of 
the oldest known codes ^f laws is that of I lammurabi 
(Hahm-oo-rah'-be) , a king of Babylon who lived 
around 2,000 b.c. 

These ancient nations did not get very far iif the 
discovery of principles of social science. Yet we can see 
clearly how the birth of any science at all was made 
possible and greatly stimulated by the fact that people 
lived together in communities rather than in isolation. 

If human beings had no contact with one another, 
they would have little need to invent language. If they 
did not want to build communities where they could 
live together, they would not need to know much 
about tools, and such processes as counting, measuring, 
weighing. If. they did not wish to visit one another's 
countries, or to trade, they would have little need to 
make charts, build boats, tell directions, and guide 
travel. In other words, many of the causes for the birth 
of science would have been lacking. 

Man owes a good deal to the fact that he is a group 
or social animal,* not just a “lone wolf.” Were he by 
nature a solitary creature, he would, in all probability, 
still be without language or science; he would be un- 
^ civilized and ignorant— little more than a wild beast. 
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THE CONTRIBUTION OF ANCIENT GREECE 

When we speak of the “ancient world,” we usually 
mean the period of early civilization from around 
4,000 years or so before the birtfi of Christ up to a few 
centuries after Christ’s death. During this period 
many flourishing cultures, were built up by nations in 
and around the regions we today call the Near East 
and Middle East. Among them were the Sumerians, 
Assyrians, and Persians, as well as the Egyptians and 
Babylonians. Still farther east and south, very impor- 
tant civilizations were created by peoples in different 
parts of India, China, and Africa. In Europe, the 
Greeks and Romans were outstanding during this p^r 
riod. 

In fact, the greatest contribution of the ancient 
world to the development of science was made by the 
Greeks during the period from about 600 b.c. to about 
200 B.c. They were such bold and brilliant pioneers 
in practically -all fields of knowledge (as well as in all 
the arts) that some writers are inclined to say science 
really originated in Greece. However, we feel that such 
a statement does an injustice to many earlier peoples 
who laid the foundations on which the aneient Greeks 
built so splendidly. 

At that time there was no such thing as one country 
called Greece. There were a number of “city states,” 
each quite small but each governing itself, on the 
'territory we now call Greece, &nd also on lands farther 
west and east (Italy and the west coast of present-day 
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Turkey) . In some ways, Greek civilization became a 
sort of bridge between the culture of peoples farther 
east, which the Greeks inherited, and the newly de- 
veloping culture of the west, which they did much to 
form. 

The Greeks, more than any other ancient people of 
whom we have evidence, seem to have gotten hold of 
the idea of applying reason to practically everything, to 
all questions and problems concerning life and the 
world. We take this attitude more or less for granted 
today, but we should not forget that a good deal of it 
came to us because of the successful pioneering efforts 
of the early Greeks. 

• One' reason why it was difficult for people of the 
ancient world to build up exact knowledge was that 
magic and superstition played such a large part in 
their lives. They came only gradually to realize that 
things are produced by definite, natural causes, each 
following a regular pattern, and that these causes can 
be found out by careful observation and logics) think- 
ing. Even after such causes were proved for certain 
things, people were still not convinced that causes 
could be found working in all things. 

Another way of stating the same fact is this: People 
came only gradually to realize that there are laws of 
nature. That is, when plants grow, or persons get sick, 
or things fall to the ground, or anything else happens, 
the processes involved follow definite laws, rules which 
nature never violates. Things don’t happen by magirj^ 
and they don’t happen just any old way, though it may 
sometimes seem so. 
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Many Greek thinkers kept two basic principles in 
mind and applied them: 

1 . A thing, whatever it may be— a strange animal, a 
rainbow, the sun, a thought, a feeling— does not come 
from nothing. You cannot get something from noth- 
ing. The “something” always comes from something 
else. (This principle later became known as the Law 
of Conservation of Energy or Matter: Energy or mat- 
ter cannot be made out of or into nothing.) For ex- 
ample, when we bum a piece of paper we do not 
destroy the basic content of which it is made— its 
atoms and energies. This content simply takes a new 
form — mainly the form of gases. 

2. The same cause, under the same conditions, al- 
ways produces the same effect. That is, if water freezes 
or fire bums or poison kills under such and such condi- 
tions today, it will do the same tomorrow, if the condi- 
tions are the- same. (This principle is sometimes 
called the Law of Causation, or the Uniformity of Na- 
ture.) .. 

. When you think about it, you can see that both 
these principles were quite necessary to the growth of 
science. Unless they were accepted, there would hardly 
be any place for logic, reason, or science at all. 

In one sense, what these principles mean is that the 
things and events of the world are understandable. For 
it is easy to see that if plants, persons, rainbows, dis- 
eases, and the other things we meet with really hap- 
pened out of nothing, everything would be a mystery. 
We could never account for anything. We could never 
understand anything. 
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Likewise, if the same cause under the very same con- 
ditions had one effect this time, and an opp>osite effect 
next time, everything would be a jumble. We would 
never know what to ^expect, even of the simplest 
things. If we never knew whether two and two were 
going to make four or ten, or whether fire was going 
to warm or freeze us, the ability to think logically 
would be of little use. If the world were really like 
that, we could hardly expect reasoning power to de- 
velop, any more than we could expect musical ability to 
develop in a world where no one could count on being 
able to sound the same note twice in the same way. 

The leading Greek thinkers insisted that the world 
is neither a mystery nor a jumble. They were con- 
vinced that all things happened in ways that could be 
understood by the mind of man. They applied that at- 
titude to practically all branches of physical and social 
knowledge. In doing so, they cleared the ground and 
took the first systematic steps in many fields of science. 

For example, Democritus (Dem-ah'-krit-us) and 
Leucippus (Lew-kipp'-us) arrived at the conclusion 
that everything was made up of tiny particles which 
they called atoms (a Greek word) so small that they 
were invisible. Of course, these men did not realize 
that the atom is as complex as we to^ay know it is, but 
they had the fundamental idea, and made a beginning. 
That beginning is the basis of sciences like physics and 
chemistry. Anyone who learns about such sciences ^ 
will realize the great iml^Dortance of knowledge abou*» 
atoms. 
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A number of Greeks discovered basic principles of 
mathematics. The most noted was Euclid, (Yook'-lid) 
who worked out a whole system of geometry, which we 
still use and teach today. 

Several Greek astronomers suggested that the earth 
is not flat, but spherical. This, of course, is the correct 
idea, though it does not seem so from ordinary ob- 
servation. It is said that Pythagoras (Pith-ag'-or-as) 
or his followers reasoned that the earth must be a 
sphere from the shape of its shadow, which can be 
seen against the moon when there is an eclipse of that 
body. 

For these Greeks also had the right idea about 
eclipses— that is, that an eclipse of the moon, for ex- 
ample, takes place because the earth for a short while 
comes directly between the sun and the moon, as these 
bodies move in the sky. Hence the earth’s shadow 
falls on the moon, gradually blotting out the moon’s 
light as the shadow advances. 

This reasoning indicates another fact: Some of the 
Greeks also had come to the correct conclusion that the 
moon’s “light” is not its own, but is only reflected 
sunlight. In other words, even though we cannot see 
the sun at night, it is still shining as brightly as ever 
on the other side of our earth. Its rays are also 
striking the moon, which reflects them to us as 
“moonlight.” 

One of the most remarkable of ancient astronomers 
<was Aristarchus (Ar-iss-tark*-us) , who actually put 
forward the correct idea that the earth is in motion, 
spinning like a top and also circling around the sun. 




Hence, the reason why we seem to see the sun going 
round us from east to west is that we are on a huge 
sphere, the earth, which is turning in the opposite di- 
rection — from west to east. This makes the sun (and 
the other heavenly bodies) seem to be going round us 
the other way. 

Suppose you were on a very large boat that could 
sail along without making a sound or a ripple. If you 
looked out of a porthole and saw h light far away, 
moving around you from east to west, you might eas- 
ily imagine that you were stationary, and that the light 
was doing the moving. Sometimes people sitting in a * 
train at a station see on the next track a train which is 
apparently moving by them in the opposite direction. 
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TTien they discover that it is their own train which 
had started forward, and which thus seemed to make 
the one they were looking at go past them the other 
way. Or sometimes they see it is their train which is 
standing still, though they thought it was moving be- 
cause something went by them. 

Although Aristarchus’ idea was right, it was 
rejected by most ancient astronomers. However, this 
same idea was arrived at by Copernicus (Ko-per'-nick- 
uss) , the founder of modem astronomy, who lived in 
Poland in the late fifteenth and early sixteenth cen- 
turies (1473-1543) . In his day, too, it was ridiculed, 
and even thought dangerous. It takes courage as well 
as logic to keep on working to show that something ijs 
right which the people around you regard as wrong. 
Copernicus was strengthened and encouraged in his ef- 
forts by finding there were others before him who 
had held the idea that the earth was in motion. 

Another remarkable eonelusion reaehed in the world 
of anei,ent Greeee was that of Anaximander (An-ax-im- 
man'-der) , who advaneed the idea of evolution — that 
is, that new speeies of animals eould eome about by 
gradual ehanges in the earlier forms. This notion also 
did not take real hold until mueh later, in the nine- 
teenth eentury, when Charles Darwin gave it a sub- 
stantial basis of detailed evidenee. 

PHILOSOPHY AND SCIENCE 

These are but a few examples of the brilliant pio- 
neering work done by the Greeks of old. It is interest- 
ing to note, by the way, that these men all called 
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themselves philosophers. Philosophy meant the pur- 
suit of truth, in whatever field. In fact, it was not un- 
til about the eighteenth century, when specialization 
became increasingly organized, that people began to 
speak of “sciences” *as being different from phi- 
losophy, and those working in such fields began to re- 
fer to themselves as scientists rather than philosophers. 
TTius philosophy is a sort of mother of the sciences. 
It continues to give rise to new branches of knowl- 
edge, and to deal with certain questions that are im- 
portant to all branches. 

These Greek philosophers also worked out many 
pioneering ideas in social fields, like government and 
economics. I'liey were among the first to be convinced 
that social problems, as well as physical problems, 
could be dealt with by reason, by the method of 
logic. They had a firm belief that principles and laws 
could be found in man’s social world, as well as in the 
rest of nature. 

Thus, they analyzed forms of govemmeni:, eco- 
nomic practices, and ways of social life as eagerly as 
they did the movement of stars or the composition of 
matter. Some of them traveled to foreign countries, 
where they collected not only examples of plants and 
animals, but records about laws and customs as well. 

We may be particularly interestea in the fact that 
the earliest forms of democratic government which 
had real importance were developed in the Greek 
world. Especially famous was that which existed dur-, 
ing parts of the sixth and fifth centuries b.c. at 
Athens. Although it was a quite limited democracy 
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(for example, it never abolished slavery) , it was of 
immense pioneering importance. An idea must be bom 
before it can grow. 

Thus natural and social sciences were bom, and 
began to grow in remarkable fashion. But, as it hap- 
j>ened, there came a sort of slow-down in the rate of 
growth for a long, long time. Then, speed was picked 
up again, far beyond expectation— all of which makes 
another part of our story. 



CHAPTER 



Si ow- D own For A 
rh ousand Years, A nd 
Til en Real Progress 


ROME AND THE DARK AGES 

After these brilliant beginilings in the ancient 
world, a strange thing happened. For centuries further 
progress was not made, and even the very existence of 
the Greeks and their achievements became almost for- 
gotten by Europeans, like some magnificent and aban- 
doned foundation over which the dust settles. 

Leadership in the world as it then existed had 
passed from Greece to Rome. The Romans, of course, 
saw and knew of all the work of the Greeks in the 
different fields of art and science, ant/ carried on some 
of it with great success themselves. They were espe- 
cially noteworthy for their contributions to the field of 
law. • 

For example, the Emperor Justinian (Juss-tin'- 
ee-an) is famous for the fact that he had all the laws 
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“codified,” that is, organized and written down in 
clear language. Thus Roman law, through his Code 
and in other respects, became the basis for much of 
European law, and remains so to this day. This em- 
peror lived in the sixth century (between five and six 
hundred years after the birth of Christ). He ruled from 
Constantinople, after Rome’s decline in the West. 

At that time the people of western and northern 
Europe — in fact, of practically all of the rest of Eu- 
rope— were quite uncivilized compared to the* Ro- 
mans. The Roman Empire held in subjection territory 
now within countries like Spain, France, Germany, 
Belgium, the Netherlands, Britain, and others. In the 
course of time, these peoples were able to throw off 
their Roman conquerors and to build up their own 
power. 

But in doing so, they did not pay particular atten- 
tion to the scientific and artistic creations, which had 
come mostly from the Greeks, and were to be found 
amon^ the Rpmans. Many of the books, records and 
objects of art were destroyed. Very little thought 
was given to the preservation of important documents. 
To make matters worse, printing had never been in 
use, so that books full of precious knowledge existed 
in relatively few copies, done by hand. 

In fact, we vXjuld know far less today about the 
accomplishments of the ancient Greeks if non- 
European scholars in the Near East and Middle East 
had not preserved various t books and records, and 
translated them into the Arabic language. This pe- 
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riod, when western Europe was sadly ignorant of 
many great achievements of Greek civilization, and 
was therefore unable to make use of them, is often 
called the Dark Ages. , 

After centuries had passed, more and more of the 
splendid successes of the ancient world began to be re- 
discovered in Europe. Wliat had been accomplished in 
that world seemed so amazing that for a long time 
teacjiers were content to do little more than pass on to 
each new generation of scholars the conclusions ar- 
rived at by leading Greek thinkers. There w.as little 
scientific progress beyond that of the Greeks until 
around^ the fifteenth and sixteenth centuries. 

• However, when the fruits of Greek talent in vari- 
ous fields had once more been understood and di- 
gested, real progress once more took place. This whole 
process became so important to the life of Europe that 
the historical period from around the fourteenth to 
the seventeenth century is called the Renaissance 
(Ren-ess-ahnss') , a French word meaning rebirth. 
(This period is considered to mark the end of the 
Middle Ages and the beginning of modern times. The 
Middle Ages, or medieval times, are so called because 
they come between ancient and modem times.) In 
other words, the whole pursuit of kijowledge took on 
new life, and science began to grow again. 

THE EARTH AND THE UNIVERSE 

« 

The most dramatic si^ of the rebirth of a scien- i 
tific spirit was the work of Gopemicus, to which we re- 
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ferred in the last chapter. In fact, the effect of his 
work was so powerful and so disturbing that it is often 
called “the Copemican Revolution.” And it was not 
altogether a bloodless revolvjtion, as we shall see. 

Imagine for yourself the situation of people who 
lived at that time. Practically everyone, including the 
most highly educated teachers and the most powerful 
leaders (and all of their ancestors for more than a 
thousand years back) , had believed that the earth was 
stationary— as indeed it seems to be by ordinary ob- 
servation. And they believed not only that it was sta- 
tionary, but that it was the center of everything. 

For does it not seem that practically everything 
revolves around this earth of ours? The sun appea,ts 
to circle us daily, rising in the east and setting in the 
west. So does the moon. And most of the stars also 
seem to stream around us in the same sky procession 
from east to west every night. 

Man thought of his world as majestically motion- 
less among the stars and planets of the universe, while 
almost everything else moved respectfully around it 
and him. Moreover, he thought of the universe (that 
is, the total system of stars, planets and everything 
else in space) as quite small. He felt that it could all 
be seen with thfi^ naked eye. The telescope had not yet 
been invented, so men naturally assumed that there 
was no more to be seen than what people had always 
seen. 

In fact, this whole idea of the universe, and the sup- 
posed central place of our earth in it, seemed com- 
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pletely “natural.” So it is no wonder people were 
shocked when Copernicus told them it was all quite 
different. 

He told them that the earth was not stationary, but 
was rotating like a top *and at the same time revolving 
around the sun. He also told them the earth was not 
the center of the universe. Our globe, he explained, 
was one of a number of planets, each of which was 
circling around the sun at a different distance from it. 
In dther words, some planets are nearer the sun than 
others, but their orbits (or paths of motion) all go 
around the sun. 

Not only is the earth not central. It is also not very 
large c6mpared to the sun. (In size or bulk the sun is 
actually more than a million times larger than the 
earth, as we have learned since Copernicus’ time.) The 
sun is really a star— the star nearest to us— and of 
course it is aflame, burning with such intensity that it 
lights and heats us across millions of miles of space. 

As far as we know, many stars may have planets 
circling around them. Our instruments are as yet not 
powerful enough to tell, for planets belonging to other 
stars would be difficult to detect, being relatively small 
and, perhaps, not aflame themselves. 

The system of astronomy that had been generally 
accepted for more than a thousand years was that of 
Ptolemy (Tall'-em-ee) . He was a Greek living in 
Egypt, who held that the earth was the stationary cen- 
ter of the universe. While many of the observations 
and calculations which he and his followers made 
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were of real scientific value, his explanations of these 
things were wrong in some of the most important re- 
spects. 

This sort of situation often comes about in the his- 
tory of science. For example, very exact and valuable 
observations may be made about the symptoms and 
course of various diseases, while there is as yet no 
idea, or a false idea, about the basic cause of these 
illnesses. For centuries many aspects of diseases like 
smallpox, consumption and cholera were accurately re- 
corded, while the existence of microbes as a cause was 
unsuspected. 

What was wrong with Ptolemy's explanations, from 
the viewpoint of science? It is not hard to see the an- 
swer to this question, and it reveals something of great 
importance concerning scientific method. 

Copernicus pointed out that he had a simpler ex- 
planation than' Ptolemy for the motions that could be 
observed. That is, he could explain them in a way that 
made fewer assumptions. An assumption is, of course, 
an unproved statement. Therefore, the fewer assump>- 
tions you make, the less likely you are to be wrong; 
the more assumptions, the more chance for error, 
other things being equal. 

Ptolemy assurned the earth was stationary. Coperni- 
cus assumed it was moving. So far, each has made one 
assumption. However, assuming the earth is motion- 
less, Ptolemy could give no satisfactory reason why so 
k many things moved around it as a center. He had no 
way to explain what could be observed— that the sun, 
the moon, and countless stars seemed to keep going 
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round and round the earth from east to west. Why 
the same direction for all? Why the same center for 
all? He simply assumed that in each separate case the 
east-west motion around the earth was the true mo- 
tion. * 

But, one might ask, why is that an assumption? 
Isn’t that what we see, and isn’t it therefore a fact? If 
we stop to think, we realize that this is not necessarily 
the case, just as Aristarchus the Greek, seventeen 
huridred years before Copernicus, realized it. 

For, as we said in the preceding chapter, when we 
see distant lights moving, it does not necessarily mean 
that we are standing still and that the lights are 
moving aS wc see them. It may mean that we are 
moving the other way, and the lights are stationary. 
Or it may mean that both we and the lights are mov- 
ing in different directions. Or it may even mean that 
both we and the lights are moving in the same direc- 
tion, but at different rates of speed. . 

If there is any doubt about this, lee us go back to 
the example we discussed in the last chapter, and add 
some conditions: Suppose you were on a large ship in 
a perfectly calm sea, out of sight of land, and had no 
way of telling whether you were moving or not. Sup- 
pose that all you saw was another ship in the distance, 
passing you from west to east at twenty miles an 
hour. Your first impulse would probably be to con- 
clude that you were stationary and the other ship was 
in fact moving east at twenty miles an hour. 

But if you began to think it over, you would realize 
that your first explanation was not necessarily correct. 
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It is only one assumption; and there are several others 
that might just as easily be true, that are just as prob- 
able in view of what you observed: 

1. The other ship is stationary, and you are mov- 
ing west at twenty miles an hour. 

2. Both ship>s are moving, but in opp>osite direc- 
tions— yours west and the other east, each at ten miles 
an hour (or at any two speeds which add up to 
twenty) . 

3. Both ships are moving east, but the other ship is 
going twenty miles an hour faster than yours. 

Any one of these situations would result in your 
“seeing” the same thing: the other ship moving east 
past you at twenty miles an hour. In fact, before you 
read the next sentence, try to think of still another 
situation which would give the same result. How 
about this one: Both ships are moving west, but yours 
is going twenty miles an hour faster? Wouldn’t that 
also make th^ other ship seem to go eastward at 
twenty miles nn hour? (Probably at this point we ought 
to make an ajwlogy to real sailors, who would never 
speak of “miles an hour” at sea, but of “knots.” A 
knot is one nautical mile per hour.) 

Now the whole point is this: The assumption Ptol- 
emy made — tha^ the earth is stationary— didn’t explain 
anything else. It’didn't explain a single one of the mul- 
titude of observed “east-west” motions. For every star 
and planet that seemed to go from east to west, Ptol- 
emy had to make an additional assumption— that this 
was its true motion. 

However, Copernicus’ assumption — that the earth 
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was rotating from west to east— explained all the 
thousands of observed motions that seemed to go 
from east to west. It explained why all the bodies 
appear to be moving in the same direction, around 
the same center. It accounted for what Ptolemy could 
not account for. Or, to put it more exactly: By mak- 
ing one assumption it accounted for what Ptolemy 
could only explain by making thousands of assump- 
tions. 

7 ’Rere were, of course, other sides to this problem 
and other kinds of evidence. We are eonsidering here 
but a few of the basie points and the general nature 
of Copernicus’ work. 

He showed, not only that the earth’s rotation from 
west to east, finishing one eomplete spin every twenty- 
four hours, explained all the apparent “east-west” 
motions around the earth in each twenty-four hours. 
He also showed that, while our globe rotates, it trav- 
els in a vast orbit around the sun, ^mpleting its 
revolution once every three hundred ^nd sixty-five 
days. The eonstant spinning or rotation gives us day 
and night, just as the continuous circling or revolu- 
tion gives us the seasons of the year. 

As time went on, other thinkers built higher and 
higher on the great foundations laid down by Coper- 
nieus. We now know not only that our earth is a spin- 
ning globe circling around a flaming star, but that 
this star, or sun, itself is moving through space. It is 
traveling toward a northern group of stars, called 
Lyra, at about twelve miles a second, followed by its 
‘ family of planets, each like the earth circling around 



PTOLEMY — Explanation of daily motions 
(accepted from ancient times to i 6 th century) 



1. Everything thought of as going around a stationary 
earth from east to west. 


2. In each case visible motion assumed to be true 
motion. No explanation why all bodies should go 
around the earth. 


Explanation of daily motions COPERNICUS 


(basis of modem astronomy) 



1. Earth spins like a top from west to east, making 
everything else seem to go around us from east to 
west. 


2. This one assumption explains all the risings in the 
east and settings in the west each 24 hours. 


(Yearly motions not shown in these diagrams.) 



General type of motion of any planet, such as Karth, as it 
travels around tl^ Sun in a yearly orbit and follows it through 
space.* The foward speed of the Sun is about 12 miles per 
second. We get our measure of a “year” from the time it 
takes the Earth to complete one circular journey around the 
Sun. 


the leader. (The orbits of the planets are, in fact, not 
exactly circles, but ellipses— that is, paths resembling 
ovals.) 

Our sun is indeed somewhat like the leader of a 
little parade of spheres through the sky. But the pa- 
raders, instead of going in a straight line • behind 
the leader, keep circling around him. Thus the smaller 
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spheres, the pknets, keep swinging around the sun, as 
they follow it. Some circle in narrow orbits, others 
in wider ones, and each at the same time spins like a 
top. Our earth is the third planet outward from the 
sun. And there is a Still smaller body, the moon, 
which follows us, at the same time circling round us, 
as we follow the sun and circle around it. That is why 
the moon is called a “satellite” (dependent or fol- 
lower) of the earth. The moon seems larger than the 
star# only because it is so much nearer to us. 

All the stars are moving, too, though they are so 
far away that, in the few thousand years we have 
been carefully observing them, they do not seem to be 
any clpscf to or farther away from each other, in 
spite of their great rate of speed. There are billions 
upon billions of stars, perhaps also a large number of 
planets and satellites, all moving through space, with 
plenty of room to spare. 

Stars and planets die away, and new ones are 
formed over periods of time so long that we can 
hardly imagine them. The “life span” of these bodies 
is measured in billions of years, and more. It makes 
us feel proud to be a part of something so ipimense 
in every way. And it is thrilling to realize that in a 
little portion of that immensity, on a small globe, 
there is a tiny creature, man, who by the use of his 
reasoning power has discovered many marvelous facts 
about the universe in which he lives — and will un- 
doubtedly discover more and more. To mention only 
one example, the idea of man traveling off his planet 
and beginning to explore other planets, is no longer a 
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fanciful dr^rn, but comes closer, and closer to a scien- 
tific possib ility. 

This universe is rich beyond imagination in all 
kinds of possibilities. No matter how much we find 
out about it, we may be sure there will al- 
ways be more to discover and explore; we shall never 
lack for adventure. However, when Copernicus first 
explained his conclusions, people hardly had the 
courage to believe him. They were shocked and 
frightened by the idea of such a universe. For some 
time it was even considered dangerous teaching, con- 
trary to religion; and some of those who taught it 
were persecuted, imprisoned, and even put to death. 

In this way the spreading of scientific truth was de- 
layed, but it was not stopped. There is a legend about 
Galileo (Gal-ill-lay'-o) , the famous Italian astronomer, 
who was persecuted by the Inquisition in the seven- 
teenth century. Wlien he was forced to deny his state- 
ment that the earth was in motion, it is said he 
muttered, as h<f left the scene of his trial: ‘‘Nevcrthe- 
less, if does move.” 

THE APPLE AND THE MOON 

« 

By the time that Isaac New ton, an Englishman of 
the seventeenth and early eighteenth century, had 
proved his Law*of Gr avitation, not only astronomy, 
but physics as well, had a good start. Physics makes a 
study of laws of nature that apply to all physical ob- 
jects; and the laws of motion have an important place 
* among them. Newton, bom in 1642, the very year 
that Galileo died, explained a great deal about mo- 
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tion when he showed that every object or bit of matter 
attracts every other object (that is, each object makes 
the other move toward it) with a force that increases 
and decreases in the following way: 

1. The heavier any object is, the more power it has 
to attract other objects. The lighter the object, the less 
[xjwer it has to attract others. 

2. The closer the objeet is to any other object, 
the greater is the force of attraction. The farther 
awa^ the objects are from each other, the less is the 
force of attraction. 

This is the principle of gravitation. 

Thus Newton explained the basic reason why an 
apple -fail; to the earth, and why the earth revolves 
around the sun. In other words, all bodies are some- 
what like magnets, with power to attract. iTie earth 
is so heavy compared to the apple that it pulls the ap- 
ple to it; and the sun is so heavy compared to the 
earth that it pulls the earth toward it, and keeps the 
earth revolving around it. 

But why doesn’t the earth tumble onto the sun, just 
as the apple falls onto the earth? Perhaps you can an- 
swer that question, at least partly, from what we have 
already said: The force of gravity is not only pulling 
the earth toward the sun. It is also gulling the earth 
away from the sun, toward other large bodies, such as 
nearby planets and stars. But the other stars are much 
farther from the earth than the sun is, and the planets 
are much lighter in weight than the sun. Therefore, 
their gravitational power to attract the earth is weaker. 
This is one of the reasons why the earth keeps follow- 



ing and circling around the sun, but does not fall onto 
it. 

If we were able to move stars and planets at will, 
we could set them in such a path that an apple would 
not fall to the ground, but would keep on circling 
roun4 and rouild the earth (between the earth and the 
other bodies) , just as our moon actually does. Ibe 
motion of any object is a result of the forces acting 
upon iK 

FORMS OF life" 

^/lathematics had been given a good start in the an- 
cient world, as we said in the preceding chajiter, and 
it was further developed, in its different branches, 
during the Renaissance^ When astronomy and physics 
also had good solid foundations, chemistry and other 


physical sciences could be built up in a substantial way. 
While it is not our purpose to give anything like a 
complete history of science, in these few pages, there 
is another development which should be mentioned, 
one of tremendous importance to biology and the life 
sciences. 

(Biology is the study of all living things, of the 
laws which govern the processes of birth, growth, and 
deatK^ Sciences closely connected with it are /oology, 
which concentrates on animal life, and botany, which 
concentrates on plant life. 

Men had been interested in thes^ fields ever since 
ancient times and had made many observations and 
classifications. But it was not until the middle of 
the nineteenth century that these sciences were given 
a basis upon which great progress could be made. It 
was then that the English scientist, Charles Darwin, 



72 THE WAY OF SCI„ENCE 

gathered enough evidence to provide substantial proof 
for his theory of evolution. 

^very scientific theory is an answer; but before 
there is an answer, there must be a question. To un- 
derstand the answer it is alwaj/s a good idea first to be 
clear about the questioi^ TTie question to which 
evolution is an answer might be put this way; How 
does it happen that there are so many different species 
of plants and animals? Were there always just as 
many as there are now, or is it possible for new*spe- 
cies to develop out of the old ones? 

As we look about us in the world, we see many 
varieties of living things— dogs and cats, crows and 
canaries, daisies and pine trees, earthworms and rattle- 
snakes, goldfishes and sharks, men, women, and chil- 
dren. We know, of course, that we can get new dogs 
from dogs, new daisies from daisies, new people 
from people, and so on. Each species can produce 
more and more new individuals of its own kind. But 
the question is 4his: Can a species in any way give rise 
to a new species? 

As we saw in the last chapter, the idea that such a 
thing rqust be possible was suggested by Anaximander 
in ancient Greece more than two thousand years be- 
fore Darwin. It also occurred to a number of later 
thinkers. For pr&ctically any species, whether animal 
or plant, is so similar in appearance and structure to 
certain other species that it suggests that they are rela- 
tives of some kind. 

' For example, the mouse resembles the rat, and the 
cat resembles the tiger. Snakes that live on land resem- 
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ble eels that live in the water. A head of cabbage 
resembles a head of lettuce. Long before Darwin, sci- 
entists had worked out a system of classifying all 
known species of plants and animals. As a result, they 
could see that each species wac only slightly different 
from the next in appearance and formation. This was 
sometimes called the Tree of Life, and it indeed 
suggested a “family tree.” 

However, Darwin was the first to offer substantial 
evidence of family relationship. He showed how, cer- 
tain members of a species might undergo various 
changes, so that, over a long period of time, they 
could develop into a new species. These changes could 
be traced partly to differences in environment (condi- 
tions of climate, food supply, and the like) , and 
partly to the workings of heredity, by which it is pos- 
sible for offspring to have new and unusual traits, 
different from their parents. In any species those 
members whose traits are best fitted for the partic- 
ular environn\ent have the best chance of surviving 
and of producing offspring. 

Once the idea of evolution took hold, new kinds 
of evidence were found by many scientists. Remains 
of species which no longer exist, such as dinosaurs, 
were discovered in the earth and rocks. Evolution 
helped to explain why certain bodily organs, like 
man's appendix, continue to exist although they are no 
longer necessary. That is, such organs may once have 
been necessary for survival, under different conditions. 
It also helped to explain the different stages 6f develop- 
ment through which a human embryo goes within the 
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womb, before birth. These stages are a repetition 
of the stages of evolution which the species as a 
whole went through as it developed. 

The discovery of evolution, like the discovery of 
the movement of our earth amid the countless swarm- 
ing stars, or the releasing of the immense energy 
contained in the tiny atom, is one of those scientific 
findings which open up all sorts of new p>ossibilities. It 
points to new paths of knowledge to explore, and 
new^kinds of jwwer to attain. In other words, we live 
in a universe that is moving, changing, develop- 
ing, and growing. It is a challenge to us to develop 
and grow with it. The universe is not static and small, 
as people -thought for centuries, but dynamic and im- 
mense. New species can be produced; new energies 
can be released; new worlds can be discovered. We 
may certainly be thankful for all this, because only 
that which changes can progress. 

In the nineteenth century, another type of science, 
of tremendous importance to man, began to emerge — 
the science of society. That story deserves a cfiapter 
by itself. However, before we come to it, there are 
some important matters on which we must he clear. 
We should make sure that we can answer the question 
in the chapter heading on the next page. To some that 
may seem easy, but there is more to ft; than might be 
suspected. 



CHAPTER 

4 

Makes Science 
Different From OtLer 
Forms of K now led^e? 


DEFINING SCIENCE 

In order to understand a certain thing, we must 
be able to tell what makes it like other* things, and 
also, what rnakes it different. A baseball, for exam- 
ple, is in some respects like any other ball used in 
sports: It is not flat, it has a certain amount of 
bounce^ and it is light enough to be thrown or hit by 
players. But of course, there is something different 
about a baseball. Otherwise, it would be impossible to 
tell it from the'ball used, for instance, in tennis or 
golf. A baseball has its own kind of material, stitch- 
ing, size, weight, degree of hardness, and so on. 

So far in this book we have been talking about sci- 
ence mostly in a way which shows how it is like any 
other form of knowledge. Now let us look at the 
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other side of the question: What makes it diflFerent? 
In other words, it would certainly be correct to say 
that all science is knowledge, but it would not be cor- 
rect to say that all knowledge is science. Anyone can 
see this from the following examples. 

Suppose, as I sat at my desk, I saw a piece 
of thread on the floor and picked it up. I rnight ex- 
amine it carefully and then write down in my note- 
book: “At 10:05 A.M. I picked up a piece of thread 
which was light blue in color and exactly three inches 
long.” Now this would certainly be knowledge. My 
statement would be iierfectly true, and cveiy thing I 
said in it would be an actual fact. But if I called it 
science, y.,;; might well object. Wliy? 

The first reason is, of course, that it is just a sin- 
gle item of knowledge. You don't have to be a sci- 
entist to know that science must be a whole collection 
of truths, not just one fact by itself. 

Suppose, then, that I gathered thousands or even 
millions of facts of that kind, and showed you dozens 
of notebooks filled with such statements as: “At io:o6 
I found a broken yellow pencil which weighed half 
an ounce.” “At 10:07 went behind la eleJud 

for 37 seconds.” Would you then say that I had a 
science, even assuming all my statements were true? 
You would not need to be a scientist to feel that 
something more was wanted. 

You would probably feel that science should not 
only be a collection of facts, but that the facts must 
be organized. They must be connected with one an- 
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Other in such a way as to explain things and solve 
problems. 

If the facts I collected did not solve any problems 
unsolved before, you would be quite right in deny- 
ing that I had as yet made any contribution to sci- 
ence. The facts would still be facts, but they would be 
no more than that. To have science, you must have 
an explanation of facts, a solution of problems. 

Science, then, is a body of knowledge based on facts, 
organized in such a way as to explain the facts* and 
solve problems. Now, would that be enough to define 
a science? It might be, if understood in the proper way. 
But there is still a booby trap that must be avoided. 
Let us see what it is. 

THE CASE OF ‘‘wATEROLOGy" 

Suppose I said: I am going to build up a body of 
organized knowledge based on facts, which will ex- 
plain things and solve problems. It is a ^lew science, 
concerned with water, and therefore I shall make 

I • 

up a new name for it— Waterology. After all, there 
is nothing wrong with having new sciences. (On the 
contrary', the more the better, provided they are gen- 
uine.) And for a new science it would be proper to 
have a new name. So far, so good. 

Now suppose*" I proceeded in the following way: 
First I divided water into fresh and salt, and then I 
classified the bodies of fresh water in which I was in- 
terested under the following headings: lakes, ponds, 
rivers, brooks. Bodies of salt water I put into the fol- 
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lowing classes; oceans, seas, lakes (a lake can be fresh 
or salt) . Then I noted which countries of the world 
had the most of each of these classifications, either 
within the country 01; along its coasts. I calculated 
first, according to number of bodies; second, accord- 
ing to amount of water. 

I’his part of my new science I called World Water- 
ology, and from it I drew the following conclusions: 

Under similar conditions, the bigger a country is, 
the more likely it is to have numerous bodies, of 
water. This I called the Law of Size-Number Relation. 

2. The farther inland a country is, the mone likely 
it is to have bodies of fresh rather than salt water. 
This f cd'iicd the Law of Fresh Water Location. 

3. The more coastline a country has, the more 
deposits of salt water will tend to accumulate. This 
I called the Law of Salt Water Deposits. 

Then I turned my attention to our own country. 

I made seve’-al lists of the 48 states, some of the lists 
being for fresh water, and some feW" salt. Qn the 
fresh water side, proceeding as I had in World 
Waterology, I placed the states according to the num- 
ber of bodies in each classification— lakes, rivc.Tj, and 
so on. 

Then I listed them according to the amount of 
water in each classification, calculated from the known 
measurements of each body. On the salt water side, I 
listed the states according to the extent of coastline 
washed by salt water, and also according to the_ 
amount of salt water within the state. 
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This part of my science I called National Water- 
ology, and from it I drew these conclusions: 

1. In most cases, longer rivers are deeper than 
shorter ones. This I called the. Law of Length-Depth 
Relation. 

2. The farther a state is from a seacoast, the less 

likely it is to have any salt tidewater in its rivers. 
This I called the Law of Distance of Tidewater Riv- 
ers. , 

3. Fresh lakes are not normally fed by sea water, 
but a lake can be salt without being fed by sea water 
(Great Salt Lake in Utah, for example) . This I 
called the Law of Fresh and Salt Lakes. 

The remaining part of my science I termed Local 
Waterology. In this I investigated the amount of wa- 
ter used in individual towns and cities. These were my 
conclusions: 

1. On the average, the greater the population, the 
more water is consumed. (Law of Variation in Water 
Use bj/ Population.) 

2. In places where the use of water is taxed ac- 
cording to amount consumed, the average household 
uses upTess water. (Law of Decreased Consumption 
of Taxed Water.) 

3. There is a.,universal preference for fresh water 
as opposed to salt water for general household use. 
(Law of Preference for Fresh Water.) 

Such is “waterology." Even supposing all its state- 
,ments are true, and all its facts correctly reported, 
would you call it a genuine science? You probably 
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would not, even though you yourself might never have 
studied science in any systematic way. 

WHY NOT A SCIENCE? 

ft 

But why is such knowledge not a genuine science? 
The interesting thing js that at first glancfe it seems to 
fit well enough the definition we previously agreed 
upon; A science is a body of knowledge based on 
facts, organized in such a way as to explain the facts 
and solve problems. 

Take the definition point by p>oint. Waterology 
is certainly knowledge based on facts. All of its state- 
ments are true, or could easily be made so with slight 
adjustiiierits. And it is certainly organized. The vari- 
ous facts are divided and classified in an orderly 
and understandable way, and the study proceeds sys- 
tematically from the larger unit's to the smaller ones. 

Does waterology explain facts ana solve problems? 
It seems to explain certain facts and solve certain 
problems. For example the larger proportion pf salt 
tidal water in rivers is explained by nearness to a sea- 
coast. The decrease in consumption of fresh water in 
certain localities is explained by taxation. I* solves 
such problems as: What countries or states have more 
bodies of water than others? What countries or states 
have greater amounts of water than others? 

Should waterology, then, be recognized as a new 
and genuine science? What is wrong with it? To test 
the claim of any organized body of knowledge to 
be a new science, we must raise two questions: 
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1. How much do we now know that we did not 
know before? 

2. How much can we now do that we could not 
do before? 

Waterology fails the test in answering both these 
questions. In the first place, it tells us almost nothing 
that we did not know before. We already knew that 
bigger countries have more bodies of water than 
smaller countries under similar conditions; that the 
closer a river is to the seacoast, the more likely it is to 
contain salt water, since the tides flow in and out; that 
when the government taxes the use of water, less of it 
is used; and so on. 

Those who did not know such facts could easily 
find them in the existing sciences or in general eollec- 
tions of knowledge. Thus any problems which watcr- 
ology is capable of solving are already solved without 
waterology. Any facts waterology is capable of ex- 
plaining are already explained without ifl 

THE PLACE OF PREDICTION 

The same applies to what can be done. How much 
ddes wcterology add to our ability to predict or con- 
trol water, in regard to any of its properties or be- 
havior? It does not enable us to do anything with 
water, to water, or about water that we could not 
do before. This part of the test is very important. 
Even if the facts collected and the conclusions ar- 
rived at were new or previously unknown, we would 
still have to ask; What can be done with them? 

For a science is not created just by gathering facts 
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that were never gathered before, and drawing conclu- 
sions never drawn before, no matter how numerous 
or how well organized they may be. The facts and 
conclusions must be such as to add a good deal to our 
ability to predict and dbntrol. For example, suppose 
waterology were able to tell us the exact width of 
every brook at every point of its course in every 
state of the United States on every day of the year 
1898. We would then know thousands of truths that 
are Unknown now. But we would hardly have im- 
proved our sciences in like degree. 

A scientist is not interested in dealing with facts 
just because they arc facts, or just because they were 
unknown- ’’efore, any more than an artist is inter- 
ested in painting scenes just because they are scenes, 
or just because they were never painted before. In 
each case, there is a principle of selection at work. 
The scene must be significant, and so must the fact. 
In art, it may be that the scene brings out an emotion 
or feeling of some kind, or recalls sqme important 
event. In science, the fact must help to explain Some- 
thing that could not be explained before; it must help 
to predict and control in a way that was not Qossible 
before. Neither in science nor in art is mere newness 
enough. 

However, it should be emphasized*that waterology 
is not at fault simply because it is new. There is noth- 
ing wrong with having new sciences. More and more 
will undoubtedly be created as time goes on, even 
as psychology, for example, is now being built up. 
Only, of course, they must be genuine sciences. They 
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must not only be organized bodies of new knowledge. 
They must be organized bodies of new knowledge of 
the kind that add signficantly to our ability to explain, 
predict, control. 

\^^e are now in a* position to make a fuller 
and more exact definition than before. A science is a 
body of organized knowledge, based on facts, which 
increases in large measure our ability to explain and 
predict. 

By the way, a good deal of that kind of knowledge 
about water already exists, in such known sciences as 
chemistry, physics, geology, geography, and oceanog- 
raphy. The knowledge that can be found, concerning 
water, ip •S'^iences like these is no more true than the 
knowledge found in waterology. By count, there 
might even be more facts, more truths, collected in 
waterology. 

But think how much more prediction and control 
are yielded by the truths of chemistry and physics 
than by the truths of waterology. How much could 
the “waterologist” predict that the average person 
could not predict, in spite of the fact that he never 
heard of waterology? Practically nothing. But the aji- 
swer is very different if we compare the average per- 
son with the chemist. 

Ask the “waterologist” and the a\Jerage person to 
predict wheth&r the use of water will increase or de- 
crease if it is taxed, and you will undoubtedly get the 
same answer from both. You will also get the same 
answer from both if you ask them to predict whether 
the use of water will increase or decrease when the 
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population increases, or whether a greater amount of 
tidal salt water will be found in a river closer to the 
sea, or practically anything concerned with the facts or 
laws of waterology. 

Now ask the chemist and the average person t9 pre- 
dict in problems the chemist deals with, concerning 
water. For instance, give each a sample of unclear wa- 
ter, and ask them both to predict whether or not the 
water will kill a person if he drinks it; or, whether 
or not the water will give a person a certain dicease. 
The chemist will analyze the water, and be able to 
make predictions of high accuracy. The person who 
knows nothing of chemistry will be helpless. 

If the water does contain disease germs or poisons, 
ask both the chemist and the person who knows noth- 
ing of chemistry to tell you whether or not certain sub- 
stances will make the water healthful. Again, the 
person without a knowledge of chemistry is likely to 
be helpless, whereas the chemist is likely to make 
reliable predictions. 

Ytfu will, of course, find the same situation in re- 
gard to a thousand other questions concerning water, 
vdiether the science is chemistry, physics, or any other 
which deals with some aspect of water. Ask a person 
who has never studied science to predict whether, un- 
der present conditions, a certain area will have more 
water or less in 25 or 50 years; what*type of metal 
or construction will best stand the pressure of water; in 
how many years the water level along a certain coast 
will be six feet higher or lower than it now is; whether 
this or that type of treated water will help prevent 



'What Makes Science Different 87 

tooth decay, and the like. Those who have never 
studied science could in most cases make only wild 
guesses about such matters, whereas various scientists 
can make accurate predictions. 

T^us, an important test of a science is the amount 
of prediction it is able to add to what we have with- 
out it. The various laws of nature and causes dis- 
covered by different sciences have given us tremendous 
powers to predict which we did not possess before. 
Nevjiton’s Law of Gravitation, for example, enables 
us to predict how any object will move toward any 
other object if not interfered with by outside forces. 

It tells us that the objects are attracted to each other 
in such a way that the heavier and closer the object 
is, the greater is its power to attract; while the farther 
away and lighter it is, the less is its power to attract. 

In fact, by means of this law, scientists have actu- 
ally been able to predict that a planet, previously un- 
known as such, would be found if telescopes were 
carefully pointed to a certain exact spot in tlie heav- 
ens. Can you see how this situation cduld havfi come 
about? 

Observation showed that the distant planet Uranus 
was not moving in that regular path in which tt ought 
to have been moving, according to the behav’or of the 
other planets. What could account ^or the irregular- 
ity? Now Nfcwton's law, as we just said, had told 
the scientists that one reason why planets circle 
around the sun at all is that objects attract one an- • 
other in proportion to their mass, and the sun is^ 
much heavier than any planet. At the same time, the 
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planets of course also attract one another, and this, 
along with other forces, helps to keep them from be- 
ing pulled into the sun completely. 

The planets revolving around the sun according to 
the law of gravitation are therefore in a situation 
something like an astronomical folk dance conducted 
according to the following rule: The heaviest body is 
the leader, and all circle around him at different dis- 
tances. But no one can go in and touch the leader as 
long as there are other bodies in the danee which are 
heavy enough to exert sufficient foree in a eontrary 
direction. The path of any one daneer, therefore, de- 
pends on the weight of the leader as eompared to 
his own weight and the weight of those around him. 

If, under these eireumstanees, one planet does not 
seem to follow the path it ought to follow aceording 
to the rules, and yet we feel sure that it must be 
obeying the niles, what would be the most likely ex- 
planation? There must be another planet somewhere 
nearby, whieh we had not notieed before, exerting 
enough force to aecount for the apparent irregularity 
in the movement of its fellow planet. 

We know the law whieh the planets follow— 
that tht path of motion depends on the relative mass 
and distanee of surrounding bodies. Knowing the 
masses and distances of these bodies, we ean map out 
the path the known planet should be (bftt is not) fol- 
lowing. Thus we ean see just how far off that path it 
is being pulled by the unknown body. Then we ean 
, calculate at what distance and of what mass an un- 
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known planet must be in order to exert just that much 
force on the known planet. And, after having made 
their calculations, the astronomers found it exactly 
where they had predicted! The new planet thus dis- 
coveaed in 1846 was given the name Neptune. In 1930 
the same method aided in the discovery of a still more 
distant planet, which was called Pluto. 

When scientists know the causes of disease and 
health, they can predict the conditions under which 
you A'ill become ill and die or remain healthy and 
live. Because scientists know the laws of light, elec- 
tricity, growth, or flight, they can predict the con- 
ditions under which it will be possible to obtain bet- 
ter light,..femess electricity, improve growth, succeed 
in flight. 

Thus prediction serves two important purposes in 
science. First, as we have seen, it helps us to find out 
whether or not our explanations are correct. If, ac- 
cording to the law or cause we think we have discov- 
ered, certain predictions can be made, but actual 
events turn out otherwise, then we know there is some- 
thing wrong with our explanation— our law, cause, or 
whatever it is. 

Seeond, prediction often leads to control. Whenever 
we are able to predict what will happen under such 
and such conditions, it helps us to gam the power of 
control over that happening. For then we know that 
wherever we can bring about those conditions, we can 
also bring about the happening; and wherever we can 
prevent them, we can help to prevent the happening. 
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WHY KNOWLEDGE IS POWER 

It was that fact which Francis Bacon, a great pio- 
neer of scientific method in the seventeenth century, 
had iti mind when he made the statement that has so 
often been quoted; ^'Knowledge is power/" In the 
nineteenth century a French follower of his, Au- 
guste Comte, (Kont) had the same idea when he said: 
^*To see is to know; to know is to foresee; to foresee 
is to control/" 

Even where prediction cannot lead to full and 
complete control, it is, in most cases, highly useful. 
For example, our ability to predict the movements of 
the heavenly bodies does not give us the power to 
stop them or to change their course. But perhaps you 
yourself can recall how we make great practical use of 
such predictions. 

As we said in the early part of this book, once these 
movements could be predicted with regularity, it was 
possible for men in the ancient world t© establish di- 
rections and divide time into years and days, hours 
and minutes. East is where the sun rises. A year is the 
amount of time it takes for the sunrise to occu» agaiti 
at the exact same point in relation to the stars. 

In other words, our maps, clocks, and calendars are 
products of th^ knowledge by which we make accurate 
predictions in astronomy. Navigation is a practical ap- 
plication of the same knowledge. We are able to keep 
many a ship on its course and pilot many a plane to 
its destination, only because we can predict which stars 
will be at what positions in the sky as seen from the 
earth at a certain time and place. Thus we steer by 
the stars. 
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When we speak of “applied science” it is, of 
course, these same things we have in mind; all the 
different ways in which the knowledge gathered by 
the sciences leads to prediction, which in turn leads to 
some form of control or use^lness. But it should be 
emphasized that prediction is important not just be- 
cause it leads to practical applications, but because it 
is a test of the truth of our theories and explanations. 
The more our predictions turn out to be wron^, the 
weaker our theory is. The more our predictions turn 
out to be right, the stronger our theory is. 

Here we see another important truth: The ques- 
tion of whether a certain body of knowledge should 
be called a science is a question of degree. That is, 
the more this knowledge explains of that which could 
not be explained before, the more it predicts of that 
which could not be predicted before, the more sci- 
entific it is. It might even be said that any fact, how- 
ever simple, if it is correctly reported as ■ an item of 
knowledge, ©'^plains something and predicts some- 
thing. At least, it explains that something exists or has 
existed, and predicts that it could be found if looked 
for under certain conditions. 

But the whole point is, of course, that some facts 
explain far more than others. Some truths enable us 
to predict far *more than others. An,d, as we have 
seen, what makes science different from other forms 
of knowledge is that it deliberately seeks and finds 
those truths which explain and predict more and 
more. How does it seek, and how does it find such 
truths? That is the story of scientific method. Let us 
turn to it next. 
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Tke Metkod Of S cience; 
Hqw It Works 


A BIRD'S-EYE VIEW 

Let US go back to an example we used in the fiist 
chapter. Two children are discussing why a dog is 
licking a piece of paper. One says there must be some- 
thing good to eat on the paper, though Jie admits he 
can see nothing of that kind there. The othe/ has 
the theory that the dog probably likes paper itself. 
Then the first child seeks to disprove this theoi^ and 
to prove his own by offering the dog clean paper. He 
shows that the dog has no interest in it, but keeps 
trying to lick the other piece of paper.* 

While this in itself is certainly not complete proof 
or disproof (for example, the dog might like pa- 
per, but might simply prefer one kind to another) , 
still, it is a good start. Without knowing it, the child 
was using basic elements of scientific method. 
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What did the child do? Firet^ a p roblem„was^h- 
seryed and expressed: Why is the dog licking the pa- 
per? That is Step One of scientific method: Express 
the problem. 

Second, the child advanced a theory or hypothesis 
which he thought was the right solution of the prob- 
lem: There was something good to eat on the paper. 
(Hypothesis is a technical term meaning an explana- 
tion, answer, or theory of some kind which is not yet 
proved.) Thus, Step Two is: Pr opose an hypothe sis. 

Third, he figured ouF what ought to happen if his 
hypothesis were right. The dog ought to reject the 
clean paper, but continue to go after the other. Notice 
that this reasoning took place before any experi- 
ment. We call this process “deduction.” The child 
was “deducing” wllat ought to be true if his hy- 
pothesis were tme. (Deduction is a technical term 
meaning the process of reasoning out what must nec- 
essarily follow if a certain statement is true.) Thus, 
Step Three .is: Make d^uctions from your hypoth- 

. Fourth, the child devised an experiment which 
^would test his hypothesis. He took a piece of clean 
paper, offered it to the dog, and noted that the dog 
had no interest in it, but continued to go after the 
other paper. l*hus. Step Four is: Test your deductions 
by observations or ef^enmentsT' 

' Fifth, he concluded that the dog did not like paper 
itself, but was trying to eat something that njust have 
been on the paper. Thus, Step Five is: Draw , your 
conclusion. 
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Such is a bird's-eye view of the method of science. 
Now let us examine in more detail how each of these 
steps works. 

THE PROBLEM 

In the first step, it is important that the problem 
be expressed as clearly and concretely as possible. 
Otherwise, it is hard to do anything at all about it. 
Suppose, for example, you received a letter from 
someone, and all it said was, ''I feel queer. Please 
advise me what to do." How could you possibly solve 
that person's problem on the basis of such a vague 
statement of what the problem is? It would be like 
trying to answer a question without really knowing 
what the question is. 

The more you know about something, the more 
clearly and concretely you can express a problem con- 
cerning it. If a man's car will not go and he phones 
the nearest garage with the natural idca,of obtaining 
some help to get out of his difficulty, the mechanic, 
just ‘"as naturally, will ask: ‘‘What's your problem?" 

Why is it natural for the mechanic to ask such a 
question? Because, of course, if the problem is of one 
kind, he will have to bring one kind of equipment; 
if it is of another kind, then different equipment 
will be necessary. Is a tow truck needed, a battery 
charger, some gasoline, or what? Now, if the poor 
motorist knows little or nothing about the workings 
of his car, he will simply say: “I don't know what 
the problem is. You'll have to look it over." 

On the other hand, the motorist may know enough 
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about automobiles to be able to say: “The battery 
works, but the fan is out of order.” Or, “I have 
plenty of gas, but the battery is dead.” Then, at least 
some kind of problem has been expressed. Whether it 
is the^ight one, or the cfnly one in the situation, the 
expert mechanic alone will be able to say. 

In other words, somebody whose car will not go, 
but who has no idea what is the matter with it, cer- 
tainly has a difficulty; but he does not yet know ex- 
actly what his problem is. Unfortunately many peo- 
ple are in that situation about many things. Their first 
step must be to locate the problem. It is not always 
easy to do that, but it is absolutely necessary if scien- 
tific method<.is to be used successfully. 

In the same way, it always helps, in studying sci- 
ence and trying to understand its solutions, to make 
sure you are clear about the problems, which are the 
starting point. Many people do not pay enough at- 
tention to this part of the matter. They are like a 
group sitting in a room listening to a person who is 
using the phone; they hear only what tfiat persifn is 
saying. Suppose he is answering questions put by the 
party at the other end of the line. The group in the 
room would certainly understand something of what 
was being discussed. But they would understand a 
good deal more— and all of it more •easily— if they 
knew exactly what the questions were. When you are 
puzzled about the solution, try to put the problem 
to yourself once again in clear language. Wlien you 
clarify the question, it will become easier to understand 
the answer. 
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THEORY AND HYPOTHESIS 

One of the most mistaken ideas which people have 
about science is the belief that the scientist “avoids 
theories and sticks to facts.’* Step I'wo of scientific 
method, the proposing or forming of an hypothesis, 
shows how far wrong this widespread opinion is. 

Of course, a scientist does not call a theory true un- 
til it is proved true. But he deals with theories all the 
time. In one sense, that is the heart of his wodc, for 
his method is basically a process of proving that 
some theory is true or false. It is clear that before 
you can prove or disprove a theory, you must first 
have one. A person who insisted on avoiding the- 
ories would avoid science. 

In other words, in order to go to work on a prob- 
lem, the scientist must have some idea or other of 
a possible solution. That idea is his theory in regard 
to that particular matter. While it is unproved, it is 
usually called an hypothesis. (Ihis word comes from 
a Gf-eek term meaning, to place under, as a founda- 
tion. That is, it is a starting point from which the 
seasoning is built up.) The scientist makes observa- 
tions and experiments to test his hypothesis, to see 
whether it is true or false. 

Thus, without an hypothesis to work with, to work 
upon as a starting point, there would be little for the 
scientist to do. As we saw earlier, merely collecting 
facts does not make a science. The facts must be ex- 
plained. The only way we can try to explain anything 
that has not been explained before is, first, to think up 
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an idea of what the explanation may be, and then to 
test the idea by some kind of observations and ex- 
periments. 

When the explanation is a broad one, covering 
man]( facts or a large frea, we usually call it a the- 
ory. If it is proved true, it may then be called a law 
or a principle. Tlius we refer to Newton’s theory of 
gravitation, or Newton’s law of gravitation. Newton 
discovered this law of nature by first getting the idea, 
and flien proving it through observations. 

It is clear, then, that the idea, the hypothesis or 
theory with which the scientist starts, is a very impor- 
tant part of his whole work. Since it is not yet proved, 
where did he get it? Upon reflection, you will prob- 
ably be able to answer that question for yourself. 

Where did Newton get his idea for the law of 
gravitation, before he was able to prove it? There is a 
popular story that it came to him when an apple fell 
from a tree and hit him on the head. But even if this 
were true, think how many other apples must have 
fallen on how many other heads, producing only'a lit- 
tle bump and no ideas whatever about a law of gravi- 
tation. How did it happen that Newton was jtioved 
to think up this particular idea? 

How did it happen that Louis Pasteur and others 
thought of the germ theory of diseasop Before it was 
proved true, it* existed only as an hypothesis in their 
minds. Where did they get this hypothesis? In other 
words, how does any good scientist get a good idea? 

There is another story, and this one is consid- 
dered true, that Archimedes (Ar-kim-mecd'-eez) , a 



lOO THE WAY OF SCIENCE 

noted Greek scientist of the ancient world, got a great 
idea when he was taking a bath. The King of Syra- 
cuse, according to report, suspected that a crown 
made for him was not pure gold. He feared the mak- 
ers had defrauded him by Using part silver aiyd part 
gold. In those days there was no known way of test- 
ing such things, and the King did not wish to cut or 
melt the crown. So he handed over the problem to 
Archimedes, one of the best-known thinkers of the 
time, the third century b.c. 

While taking a bath, Archimedes, like everybody 
else who ever took a bath, noticed that, as his body 
sank down in the tub, the level of the water rose ac- 
cordingly. He began to think about this and to con- 
nect it with his problem. Do you see the possibility of 
any connection? 

Archimedes reasoned in the following way: If the 
crown were put in the tub, the water would rise a cer- 
tain amount, since any object sunk into water neces- 
sarily displaces the water from the space which it 
ocettpies. Now, he thought, if two objects were of ex- 
actly the same weight and were made of exactly the 
»me ^substance, they would be of the same volume 
(size in cubic units) . Hence, they should displace 
exactly the same amount of water, however different 
in shape they xiight be. 

You can prove this for yourself by filling a glass 
or jar to the very top with water, so that anything 
put into it will make some water spill over. Now 
stand the filled glass or jar in an empty basin. Take 
any two or three solid objects made entirely of the 
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same substance, and of the same weight, but of differ- 
ent shapes. (Each one should, of course, be small 
enough to fit^ntirely within the glass.) Gently place 
the first in the water. A certain amount will spill over 
into the basin. Measure* this amount by pouring the 
water from the basin into another glass. Repeat this 
procedure with the other objects, and you will see that 
the same amount of water is displaced. 

Thus Archimedes had a basis for solving the king’s 
problem. He weighed the crown and also measured 
how much water it displaced. Then he took some pure 
gold of the same weight as the crown and measured 
the water which it displaced. He showed it did not 
displace .tl>e. same amount as the crown. Therefore 
the crown could not be pure gold. 
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Assuming that the other substance in the crown was 
silver, can you see how he then proceeded to discover 
the percentage of each in the crown? He took a 
piece of silver, weighing the same as the crown, and 
measured how much water it' displaced. The aipount 
was much greater than that displaced by the gold, for 
gold is denser than silver. That is, an equal weight of 
gold occupies a much smaller space. 

Now Archimedes could compare the amount of wa- 
ter displaeed by the equal weights of gold, of Silver, 
and of the erown. He saw that the amount dis- 
placed by the crown was in between the other two, 
and thus calculated the proportion of silver that must 
have been used. 

Far more important than solving King Hiero's 
problem was the faet that this line of reasoning led 
Arehimedes to diseoveries of lasting value for science. 
It laid the basis for the whole study of “specific grav- 
ity,” which starts from the situation which Archimedes 
clarified: Equal weights of different substances which 
sink In water' (or any fluid) displace unequal amounts 
of the fluid. 

* He ^proved that a non-floating object always dis- 
places its own volume of water, that is, an amount of 
water equal in size to the object. He showed that a 
floating object,<on the other hand, displaces its own 
weight of water. These are the ideas oh which Archi- 
medes pondered, we are told, as he watched the water 
rise and fall in his bathtub. 

It is added in the story that when Archimedes thus 
obtained his solution, he was so overjoyed that he 




shouted “Eureka!” (which is Greek for “I have 
found” something) , and ran out without remembering 
the formality of putting his clothes on. While this 
would show that a great scientist is human, it still 
does not tell us where Archimedes’ idea came from. 
For it is clear the king could have give’h any niMnber 
of other people the same problem, and they might 
have taken baths all day and all night with no olhgr 
result than keeping themselves good and clean. 

Ideas do not spring out of nothing, though it may 
sometimes seem so. In truth, nothirjg comes out of 
nothing, whi<A is natural enough. A person’s ideas 
come out of his past experiences of one kind or an- 
other, and the way he reacts to them. Thus, the more 
knowledge and experience he has of a certain field, 
and the harder he thinks about what he already 
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knows, the better will be the new ideas he arrives at. 
The more he knows of the facts previously found by 
scientists, the less time he will w{iste..^n ideas that 
have already been proved false. Thus the fruitful hy- 
p otheses of men like Newto n, Paste ur, Archim^ es, 
Copernicus, Dar win, Einstein, or any otherable sci- 
entist came out of their knowledge and ex peri ence. 
They came out of the fact that these men kept on 
turning over their problems in their minds to see what 
they might be connected with in one way or another. 

There is a popular theory that great scientific dis- 
coveries come about by ^"accident.^' This may be true 
in a certain number of cases, but two things must be 
noticed. First, these ‘‘accidents’' usually happen to 
those who are already prepared, by experience and 
knowledge of some kind, to notice them and appreci- 
ate their value. In other words, one must know some- 
thing before one can even be aware of this kind of 
'‘accident.’^ 

Second, tlv^re is always a lot of talk about some- 
thing when it is out of the ordinary. When a man 
finds a thousand dollars in an old tin can on some 
ompty^ lot, everyone talks about it and repeats the 
story for years. W^hen a man earns a thousand dol- 
lars by steady work, it may never become a topic of 
conversation. B\it that doesn’t mean ^ou can rely on 
old tin cans if you really want to acquire a thousand 
dollars. 

We cannot expect everyone to become a Copernicus 
or an Einstein. But anyone who gets interested in sci- 
ence or any other field, and who builds up knowl- 
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edge and experience in it, will find ideas coming to 
him quite naturally. 

There is another point about theory whieh should 
be emphasized before we leave Step Two of scien- 
tific jnethod. It is something that can be seen in the 
literal meaning of the word, which, like a good many 
others connected with the pursuit of knowledge, came 
into our language from the Greek. The word theory 
comes from an expression which means “to look 
at,” find has the same root as the word “theater.” 

Just as a theater is a place where you can see a 
story unfolding on the stage, so a theory is something 
which enables you to see the explanation or meaning 
of a group of facts. It tells the logical story of those 
facts. Thus the germ theory of disease explains what 
was not known before; that a number of diseases have 
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the same kind of cause— germs. The fiieory of grav- 
itation explains why all bodies move in space. The 
theory of evolution explains the facts of relationship 
between species. 

It is interesting to notice that we can use the word 
theory in referring to such an explanation, even after 
the theory has been proved true. There is no actual 
contradiction in speaking of the germ theory of dis- 
ease, for instance, even though it is now well proved. 
But when the word hypothesis is used, it always 
means a statement or theory as yet unproved. Today 
we would not speak of the idea that diseases can be 
caused by germs as an hypothesis. 

Thus a scientific theory is not the opposite of a fact, 
nor is it a substitute for facts. Some people may use 
some theories that way, but they are not scientists. A 
theory is a general statement which in some way ex- 
plains a group of facts, showing what they have in 
common, or iiidicating something important about 
them as a whole. Thus theory is absolutely necessary 
in science. Asr'we have seen, until we have explana- 
tions of facts, there is no science. 

SrfiERLOCK HOLMES AND SCIENTIFIC DEDUCTION 

The third step in seientific method — making dedue- 
tions from the hypothesis — brings us to the specialty 
of the great sleuth created by the English writer. Sir 
Arthur Conan Doyle. As anyone knows who has read 
the stories. Dr. Watson, the friend and admirer of 
^ this most remarkable of fictional detectives, is always 
amazed at the “powers of deduction” displayed by 
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the brilliant hero, who became the model for hun- 
dreds of others. 

In their ^way, all these detectives are indeed 
using the same basic process of deduction used in 
sciejpce, although, of course, in fiction they have the 
added advantage of an author who can always make 
everything turn out right. When Holmes carries out 
a quick inspection at the scene of the crime and then 
announces, "The murder was commited by a British 
saildr with a limp who just returned from China,” 
what has he done besides astonish Watson, who made 
the very same inspection, and came out with no 
ideas at all? 

We Qfio.. easily picture Holmes explaining his rea- 
soning in some such way as this: “You see these foot- 
prints? To you they may seem like nothing more than 
rather large footprints. But to the practieed eye, 
my dear Watson, they tell a story. Notice, if you will, 
the peculiar angle of the left print compared to the 
right, and the slight difference in shape. That is the 
print of a man who limps on his left root. 

“And this bit of ashes, half-smoked, is not from 
ordinary pipe tobacco. If you will compare its odor 
and appearance with thousands of samples I Tiave in 
my collection, you will see it is from a cheap type of 
adulterated opium sold to British tailors in certain 
ports of Chin*a. Since it is fairly fresh, and there is no 
way to preserve this vile stuff, I would say he has but 
recently returned to this country. That he is an ex- 
perienced seaman this knot around the victim’s throat 
clearly shows, Watson. No landlubber would make it. 




It is used almost exclusively in the merchant marine.” 

After all this, it is, of course, an easy matter to 
find the ship which recently returned from China, 
and to collar the opium-using sailor with., the limp, 
who, of coursjp, readily confesses. 

.Caf{ you see where the deduction enters? Holmes 
reasons: If the murderer had a limp, it would ac- 
count {or this print. If the murderer were a sailor, it 
would account for this knot. If the murderer were a 
British sailor who had recently returned from China, 
it would accourA for these pipe ashes. Deduction, as 
we said, is a process of reasoning out what conclusions 
would follow if a certain statement were true. In 
each case. Holmes is reasoning that if the murderer 
were a certain kind of person, certain things would 
follow. 
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Now of course the whole point is this: Holmes 
is trying to think of just that kind of person who, if 
he were thqjrturderer. would leave exactly the traces 
that were in fact left at the scene of the crime. In 
other words, he is trying to think of a theory or hy- 
pothesis which would exactly fit the facts he can ob- 
serve. 

Naturally, the more facts his hypothesis fits, the 
better it will probably turn out to be. He might 
merely say: “I observe footprints; therefore, my the- 
ory is that if they were made by the murderer in the 
usual way, then the murderer can walk.” That v'ould 
be a correct deduction, but it would certainly not 
be enough fo narrow down the search to some partic- 
ular suspect. In other words, that theory', even if 
true, would not solve the problem. A good theory 
must, of course, be such that, if and when proved 
true, it will solve the original problem. 

By reasoning that all the facts he observes could 
be deduced from one assumption— that is, that they 
would all follow if it were true that the mtfrderer 
was a particular sailor— Holmes has his theory. Now 
he makes the final deduction which becomes the a^d 
test. If the murder was committed by a British sailor 
recently returned from China, who limps and smokes 
opium, then there should be somctfhip lately come 
from there, on which just such a British sailor will 
be found. It can then be seen whether actual fact 
bears out the deduction from the theory. 

In some cases, deductive reasoning deals with ab- 
solute certainties, as in the following examples: If 
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this is a triangle, it must have three sides. If John 
has a sister Mary, Mary must have a brother John. 
If the man saw the jjost, he could i^ be blind. 
However, in science, as in detective work, we often 
have to deal with probabilities rather than certainties. 
Holmes can only say: If the murderer is a sailor, it 
is probable he would tie such a knot; if the murderer 
smokes this type of opium, it is probable he got it in 
China; and so on. 

These are only probabilities, of course, because a 
sailor committing a murder might deliberately refrain 
from using a knot associated with his work, for fear 
of detection. Or, such a knot might be deliberately 
used by a non-sailor in an effort to throw the police 
off the track. And of* course, the opium might have 
been bought by the murderer from someone else who 
had recently come from China. However, it is more 
probable he got it there himself, since it is a type 
sold for use rather than for smuggling ‘Or resale. 
And it becomes still more probable when we put that 
fact together with the fact that he tied a sailor’s knot. 
In this type of reasoning it is often a matter of de* 
gr^ of probability; the more facts a theory explains, 
the truer it probably is. 

Copernicus reasoned: If the earth were rotating 
from west to east, and revolving around the sun as a 
center, then all these apparent movements which we 
observe in the skies would be seen. Later astronomers 
reasoned: If the theories of Copernicus and Newton 
, are correct, then a new planet should be detected at a 
certain position. Pasteur reasoned: If the souring of 
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milk is caused by bacteria, then the souring should 
not take place if bacteria are not allowed to come in 
contact widu, thg milk. Archimedes reasoned: If the 
crown is pure gold, it^will displace the same amount 
of water as pure gold weighing the same as the 
crown. 

In these instances, the probability enters at a later 
stage than in the case of Holmes and the sailor. 
Holmes’ premise, even if true, yields only a proba- 
bility. That is, at the very start he can only say: if the 
murderer is this type of sailor, it is probable he did 
such and such. But the scientists can at least claim 
that if their premises were true a certainty would 
follow. can say: if 4:he rotation is of just this 

type, we would see just these motions. If the theory 
is correct in all respects, just this result would have to 
follow. This is true in each of the scientific instances 
mentioned. In them, we see the probability entering 
as the scientist goes on. 

Take, for example, this reasoning ol^ Copernicus: If 
the earth is rotating from west to east, at the saifie time 
revolving around the sun, then we should see svk h and 
such motions of the sun, stars, planets, and m<jon. We 
do see just such motions of those bodies. Therefore, he 
concludes, the earth is rotating from west to east, and 
revolving arojind the sun. 

If you think it over carefully, you will realize that 
this kind of conclusion is not completely certain, un- 
less we could prove that there was absolutely no other 
condition that could lead us to see just those motions 
that we do see. It is like saying, “If it rains, John 
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must stay home. I know he stayed home. Therefore, 
it must have rained.” 'Fhat conclusion is probable, but 
not certain, because there are othef ccuiditions that 
could make John stay home, such as illness or acci- 
dent. 

In the case of the earth, we have not yet been 
able to explore space very far beyond this planet; and 
it is at least possible, if not very probable, that other 
conditions might be causing us to see just those mo- 
tions that we do see. Or, we might begin to see other 
motions that would change our ideas. The most Co- 
pernicus or any other astronomer could say is that this 
theory explains, better than any other, all that we 
have seen, and that it keeps on predicting more and 
more new things which turn out to be true. 

What we are saying here applies also to the other 
instances of scientific reasoning we listed, and to most 
theories that are accepted in science. We can seldom 
claim to have complete and perfect tmth. We are 
happy if we jgan gain a greater and greater degree 
of. prSbability. After all, this is the only basis on 
which progress is possible. If we could claim complete 
and perfect truth in any field, progress would not be 
necessary. 

THE ACID test: t EXPERIMENT 

As we have seen many times in tne course of our 
discussion, once a scientist has a problem, has formed 
an hypothesis, and has reasoned out by deduction what 
consequences would follow if his hypothesis were 
true, he must then find out by observation and ex- 
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periment if those consequences really exist. This pro- 
cedure is what we have called the fourth step in 
scientific m^iod^ testing by experiment or observa- 
tion the deductions made from the theory. 

\Ue have already dwelt a good deal on this very 
important part of the method of science. Tliere is no 
need to expand upon it further at this point. How- 
ever, wc should add a word about terminology. The 
scientific metliod as a whole, which aims to establish 
general truths, is ealled “induetion," or “induetive 
method/' Deduetion, or deductive method, which 
tells us what conclusions would be true if certain 
premises were true, thus is used as a part or step of 
scientific fi*ethod. ^ 

'^I’hc last step in our list, drawing the conclusion, 
follows, of course, directly from the preceding steps, 
and depends entirely upon them. While it contains 
nothing new in itself, emphasis ought to be placed 
upon the fact that it should never go beyond the evi- 
dence. Probabilities should not be m^taken for cer- 
tainties. Nor should a conclusion true for a jfart or 
for a time be asserted as if it were true of the whole 
or forever. The real value of results is oft^n !<jst 
when too great a claim is made for them. A^enuine 
probability is better than a false ‘^certainty/' 



CHAPTER 

6 

Scientific Metkod and 
Social ProLlems 


AMSTOTLE IN NEW YORK 

Giving your imagination free rein for a moment, 
suppose it were possible to bring back to life some 
great thinker of the ancient world— Aristotle, for ex- 
ample, who died in Greece in the year 322 b.c. It 
is safe^^ to say that he would be greatly astonished, to 
put it mildly, by much that he would see. Brilliant 
mind that he was, he never dreamed that it would be 
pd^sible for anyone to do hundreds of things we 
do every day with hardly a thought. 

In fact, if he were first brought to a city like New 
York, he might even wonder, for a while, whether 
he had returned to the same planet. Think of the 
impression a busy airport, with its stream of big 
planes landing and taking off, would make upon him, 
' who had never seen anything fly except birds and 
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insects. Leaving the airport by land, he would see 
automobiles, trucks, and long strings of railroad cars 
pulled by l^gpinotives. Yet the only means of land 
travel or transport he had ever experienced were horses 
and «»ther such aninials,*togcther with the chariots and 
carts they were trained to pull. 

Not far from the airport he would see huge ocean 
liners capable of carrying thousands of people at a 
speed of 25 knots or more. Yet the best means he 
had *ever known of traveling by water was a small 
sailboat or a galley rowed by many oars. The big 
ship>s in the harbor should particularly astonish hiiii, 
since, in one of his books where lie was discuss- 
ing things were impossible, he actually used as an 
instance “a ship a quarter of a mile long.” Quite a 
few of the large ocean liners of today are near that 
length. He also wrote that the population of an in- 
dependent state, under the best conditions, should not 
be more than a few ten thousands. He could there- 
fore reflect that one or two of these liners would be 
big enough to transport an entire population ftf the 
size he considered natural. 

Curiously enough, one of the reasons Aristode gaye 
why an ideal state should not have more people was 
that a greater number could not be successfully ad- 
dressed at one time by a speaker. He wanted every- 
one to be able* to witness and understand various pub- 
lic events, and he never thought there would be any 
means for them to hear and see what was going on 
except the natural power of voice, ear, and eye. What, 
then, would he think if he were told that through the 
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use of things called radio and television, hundreds of 
millions of people scattered over thousands of miles 
could see ajid hear the same speaker or performer at 
the same momeni:? We could hardly blame him if he 
begqji to be convinced that he had indeed been 
brought back to a different world. 

In the world he had known, there was no better 
means of lighting a room than a simple oil lamp. No 
better way had been found to produce an edition of 
a bdbk than laborious copying by hand. No mechani- 
cal refrigeration whatsoever was known. 'Hic existence 
of microscopic genns was not suspected, since the mi- 
croscope was not to be invented for another two 
thousand yf'ars. There was comparatively little sur- 
gery, and no general anesthetic was known. It was 
considered quite natural for a large proportion of peo- 
ple to die at an early age. 

In contrast to all this, Aristotle would see gener- 
ators producing electricity capable of lighting a city 
at the flick of a switch. He would see telephones, tel- 
egraphs, and printing presses. In a niodcm Iwspital 
he would witness hour-long operations made possible 
by the use of anesthetics, and he would be able Jto 
look down the barrel of a microscope and see what no 
doctor in his day, or for two thousand years aiter his 
day, had ever seen— the germs which cause diseases. 

All these tlTings which would be so new and aston- 
ishing to Aristotle arc, of course, the results of progress 
in what we call the physical or natural sciences. Such 
practical applications of our knowledge show how far 
it has gone beyond what was known to Aristotle in 



Il8 THE WAY OF SCIENCE 

these fields. He himself, one of the most productive 
scholars of the ancient world, wrote important works 
in almost every known branch of leaniiijg, including 
what we now call astronomy, physics, and biology. 

WHAT WOULD NOT BE NEW 

But the curious thing is this: While Aristotle 
would hardly be able to recognize the physical sciences 
and their applications as belonging to the same world 
he knew, he would have little difficulty in recogriizing 
the social sciences and their applications. In most re- 
spects, what he would see in these fields would suf- 
ficiently resemble what he had seen and known in an- 
cient times to assure him he was, after all, in the 
same world. 

For example, what would he see in social fields like 
government, education, and law? If Aristotle were con- 
ducted downtown to the Municipal Building and City 
Hall, he might, before beginning his social observa- 
tions, be shown the powerful dynamos generating 
electricity which lights the buildings and runs the ele- 
vators and other appliances. As concerns that, he 
vsjpuld not have the slightest idea what he was looking 
at. He would immediately recognize, perhaps with a 
touch of pride, the Greek roots of the words “elec- 
tricity” and “dysamo.” But it would take considerable 
explanation before he would understarfd how the dy- 
namos produced the electricity, how it was seitt out to 
accomplish its effects and how the effects were accom- 
plished. 
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Now suppose’ he were brought into the City Coun- 
cil to witness the processes of government. Would 
he recognize and understand what he was observing? 
There is no*eisoA why he would not, in view of its 
similarity to what he had known and participated in 
hims^f in ancient Athens. There, too, legislators sat 
in council before the presiding ofheer, discussed and 
debated measures and resolutions, charged one another 
with corruption and incompetence, passed laws by ma- 
jority^vote, and engaged in all sorts of maneuvers be- 
hind the scenes. Aristotle would be able to teach the 
Councilmen fully as much as they could teach him. 

Passing to the courts, he would no doubt be 
amazed and puzzled by the automatic elevator which, 
without apparent effort, wbuld project him and a 
dozen other persons twenty stories skyward in fewer 
seconds. But once inside the courtroom, he would 
again feel himself at home. 'Fhc accused up for judg- 
ment, the lawyers arguing the cases, the suits for 
damages, the criminal charges and countercharges, the 
judges handing down their verdicts— alt this ha had 
known, seen, and taken part in himself. 

Suppose, after the conviction of some criminal, Ar- 
istotle were asked by a member of his escorting*paity: 
“What would you, Aristotle, now expect to happen to 
this man, on the basis of your experignee?” Aristotle 
would undoubtedly reply: “I should now expect him 
to be brought to a prison, locked behind bars, and 
cither be forced to remain there for a certain period 
of time, or be put to death.” This was the procedure in 
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Aristotle’s time, and, while there have been changes, 
its main features are still the same today. 

Suppose,»bj the way, a similar question had been 
put to Aristotle cfuring his visit to the hospital: “This 
pationt has a bad case of appendicitis; that one is in 
the early stages of jjjACumonia; those children over 
there want us to make sure they will never get small- 
pox. What would you, Aristotle, expect would now be 
done to each on the basis of your experience?” Aris- 
totl^s reply would certainly be far from present 
practices, since he had never heard of vaccination, pen- 
icillin, or an operation for appendicitis. In many cases 
he probably would be inclined to say: “I don’t see 
what canix- done. I expecj; the patient will die.” In 
no case would he have anything to teach the doctors 
in charge. 

Having observed something of the workings of 
government and law, Aristotle might now be taken 
to a modern school or college. Would he have to be 
told what it was, or would he recognize it? ITiere is 
certainly no reason why he would not recoghize a 
classroom for what it is. Professors lecturing, students 
taking notes, pupils reciting, teachers correcting aqd 
marking— he had been through it all himself, both as 
student and as teacher. No doubt he could give to 
either much valuable advice. While our large-scale or- 
ganization of education on a democratic basis, as well 
as some of our teaching methods, would be new to 
him, he would still be regarded as a competent teacher 
and an authority to be listened to. 
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Of course, in all those classes where the physical 
or natural sciences were being studied, Aristotle would 
have almost as much to learn as the pupil; themselves 
(and much more to unlearn!) . On the other hand, he 
could feel justly proud at seeing that in a moden^uni- 
versity, many of his own works were still being used in 
such fields as political theory, ethics, and basic philos- 
ophy of life. In classes where these works of his were 
being studied, there could be no question whether 
Aristotle knew as much as the professor about the' sub- 
ject under discussion; rather, it would be the other way 
around. 

Why is it that the works of Aristotle on physical 
science are never used as texts today, whereas some of 
his works in fields of social knowledge are still con- 
sidered of first rate importance? Is it because he, as 
an individual, happ>ened to know so much more about 
social problems, or had greater abilities and talents in 
those fields? It is hardly that, because •Aristotle’s 
works in all fields contain about the highest levels of 
knowledge reached in his day. He had great ability in 
almost every field he dealt with. 

, Whpe we have certainly made some progress in all 
fields of knowledge since Aristotle’s time, the plain 
fact is that we have made immensely more progress in 
the physical scie«ces than in social fields. How did we 
make it? We made it through the use 8f the method 
which we have summarized, in the way we have de- 
scribed. 
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THE GREAT QUESTION OF SOCIAL SCIENCE 

Once th^t mediod had shown what it could really 
do, more and more thinkers began to raise the ques- 
tion* Can we apply the same method to social prob- 
lems? And, if we can, will we be able to gain as much 
understanding, prediction, and control in fields like 
government, economics, and education as we have 
gained in physics, chemistry, and biology? 

It*is a fascinating question because, if we could ever 
attain as much control over social problems as we have 
already attained over medical problems, for exa/nple, 
we might no longer have to fear world wars, wide- 
spread po\'iity, or large-scale crime. Indeed, some 
would be inclined to put the question in a much 
sharper form: If we do not manage to attain enough 
social understanding, prediction, and control to pre- 
vent world wars, how are we going to have any fu- 
ture at all on this planet? 

This question is particularly grave, of course, be- 
cause of the recent development of atomic weapons, 
and their constant “improvement” in destructiveness. 
In this connection, it is curious to reflect that^it w^s 
the very progress of the physical sciences that en- 
abled us to harness the energy of the atom, and thus 
to produce the bomb. Now it may well be that fur- 
ther scientific* progress, in social fields, will help to 
solve international problems peacefully. Then, per- 
haps, war can be eliminated as effectively as yellow 
fever, and atom bombs can be looked upon as histori- 




cal monstrosities to be exhibited in museums, like the 
skeleton of a dinosaur or a saber-toothed tiger. 

Of course, there is a moral problem involved here, 
too. Sometimes people who know how to do the right 
thing still won’t do it. But knowledge always helps, 
and in many eases the right thing is not done because 
there *is not sufficient knowledge of how the right 
thing could be done. Wliile there is no substitute for 
good Ayill and good intentions, science can strengthen 
them and open up more effective ways of putting 
them into practice. 

COMTE, THE PIONEER 

In the middle of the nineteenth century, scarcely a 
hundred years ago, the first attempt was made to or- 
ganize a full-seale science to deal with the whole 
field of social problems. This was done by a French- 
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man, Auguste Comte, who used a new word, sociol- 
ogy, meaning the science of society, as a name for the 

new field. . 

* • 

Of course, as we have seen in our preceding discus- 
•sion* there had been * attempts to build up social 
knowledge ever since ancient times. Man is a social 
animal; he could not get along, even in the simplest 
communities, without some kind of knowledge and 
rules to help him meet the various problems which 
aris^ in group living. 

But all these attempts suffered from one of two 
weaknesses, and sometimes from both. Many of 
them dealt only with some one particular problem, 
such as tfade or taxation, without seeking or finding 
general laws which would explain the connection pf 
those matters with other social matters. And, worst 
of all, most of these attempts, whether they dealt 
with a single problem or a broad area of society, did 
not seek or find the kind of knowledge which added 
greatly to our ability to predict and control. 

Comte wanted that particular kind* of knowledge 
about society, the kind we call scientific. Living iu the 
nineteenth century, he could already see the remarl^- 
ble— indeed, almost miracidous— results whi^i that 
kind of knowledge was capable of producing. In fact, 
Comte had the idea that a genuine rcience of society 
could not havh been developed earlier, because it had 
to build upon preceding sciences like biology and 
physics, and these sciences had not come of age, until 
close to his day. 
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In any case, the great aim, as Comte saw it, was to 
seek and find the kind of knowledge about social 
problems that would enable us to disc<jver general 
laws that were basic, and thus increase our powers of 
prediction and control. nien,*he believed, we vvpuld 
be able to build up the separate social sciences, such as 
government, economics, and education, on really solid 
foundations. 

The brilliant progress of the physical sciences com- 
bined with the growing seriousness of man's ^cial 
problems presented an immense challenge to a think- 
ing mind. Comte made it his life work to try to meet 
that challenge. It still faces us, for, even if Comte 
had succeeded in all he tried to undertake, it would 
have been but a beginning. Moreover, though Comte 
is certainly deserving of great credit as the “father of 
sociology,” it must also be said that not all of his 
work has stood .the test of time. 

In one sense, however, the most important thing 
was not the ejetailed work Comte did, but his basic 
id^-^he idea of a genuine science of society. And he 
was not alone in holding that idea. Many another 
t^ninker, before and since, has been inspired by it, 
thoug^l few have worked on it in so organized and 
systematic a way as Comte. 

HOW FAR DOES SCIENTIFIC METHOD ACPLY? 

Let US try to state what this idea means in terms of 
scientific method. We might begin by asking this ques- 
tion: Is there any impossibility about applying to social 
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problems the different steps of scientific method which 
we discussed in the preceding chapter? 

There would certainly be no dispute about the first 
step. Eveiyone* wfluld agree that we have plenty of 
socialj>roblems which vJt can express as definite prob- 
lems. For example: How can we prevent wars? What 
are the causes of different types of crime? How can 
steady employment best be maintained for all? Many 
other social problems could, of course, be mentioned, 
someTOore specific and some more general than these. 

I low about the second step of scientific method, the 
formation of hypotheses? Again, it would be gen- 
erally agreed that any number of hypotheses could be 
formed qbevt any number of social problems. Of 
course, the final test is whether or not they will be 
successful, but there is nothing which makes it impos- 
sible to apply and use this part of the method in so- 
cial fields. 

What of the third step— making deductions from 
the hypothesis? This, of course, is also entirely pos- 
sible. If the problem is real, and tlite hypothesis 
deals with actual facts that can be checked in some 
way, it will not be difficult to deduce from it various 
consequences which ought to be trae if the hypothesis 
is true. 

Let us take the example of crim^. Suppose our 
problem is to find the major cause of crimes. Our 
hypothesis might be that the major cause is poverty. 
Naturally, this is only one of a number of possible 
hypotheses that might be chosen. But, supjjosing 
your own knowledge and experience (as a social scien- 
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tist, of course, not as a criminal!) lias led you to 
choose this as the most likely idea. What would you 
deduce from it? 

Reasoning out what ought to follow if it is true 
that poverty is the cause of most crimes, you would 
certainly make these or similar deductions: 

1. If poverty is the main cause of crime, then it 
ought to be true that most crimes have been com- 
mitted by individuals who were very poor. 

2. If poverty is the main cause of crime, then it 
ought to be true that in countries, states, or cities 
where there is more crime, there is also more poverty. 

3. If poverty is the main cause of crime, then it 
ought to be true that in periods when crime is on the 
increase, poverty is also on the increase. 

4. If poverty is the main cause of crime, then it 
ought to follow that if we took all the people who 
tend to engage in criminal activities, and saw to it 
that they obtained whatever was necessary to make a 
good living by honest means, we would thereby pre- 
vent most crimes from happening. 

In these deductions, we are dealing, for the sake of 
simplicity, with the single factor of poverty. Of course, 
in any complex matter, one single factor is never the 
whole cause, although we sometimes talk as if it were, 
as when we sa^y a certain microbe is the cause of a 
certain disease. What we really mean is, it is a neces- 
sary part of the cause. WTiere the disease is found the 
microbe is found. But it does not always follow that 
where the microbe is found the disease is found. The 
other factors must be present, too. In disease, these 
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other factors ftre usually types of weakened bodily 
conditions. Thus one person may “fight off” a disease, 
even though exposed to the microbes, while another 
falls sick. * • * 

. If^ we were actually working with the hypothesis 
that poverty is the cause of most crimes, we would, of 
course, take it for granted that other factors are neces- 
sary, in addition to poverty— moraZ weaknesses, emo- 
tional abnormalities, or the like. For it is quite clear 
from the start that not everyone who is poor is a 
criminal. Yet this would have to be the case if the 
hypothesis meant that poverty by itself was sufTicient 
to cause crime. In other words, in making our deduc- 
tions as Jistrd^ it is assumed we have taken account of 
the other factors, whatever they are, which must ac- 
company poverty. 

These are only a few of the deductions that could 
be made from that particular hypothesis. Suppose, by 
the way, that someone at this point were to raise a 
question; How do we know w’e have made these de- 
ductions correctly? The answer is, of co’ftrse, thaii logic 
alone tells us. So far, it is entirely a matter of rea- 
soning. Reason tells us that if poverty is the main 
cause of crime, then it would be true that mbst of 
those who committed crimes would be poor, and that 
the other consequences deduced woul^ also be true. 

This is the aame process of reasoning we use when 
we say: If I were a bird, I might be able to fly. Of 
course, people sometimes make mistakes in reasoning. 
Even when it is as brief and simple as our instances in 
this case, it is possible to get mixed up. And when the 
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reasoning is long and complex, it is stiE more possible. 
But the point is that in this third step of scientific 
method, we are not yet examining facts. We are de- 
ducing by reason what facts can and inul>t be found 
if the hypothesis is true. 

Our next step, naturally, is to make observations 
and experiments to see whether these particular facts 
can be found. Is this step possible in social fields? 
There would be little dispute about observation. Nu- 
merous observations can certainly be made, and are 
made every day. All kinds of records and statistics 
can be and are kept. For example, many facts are al- 
ready on record, or can be found, about crime. How- 
ever, it is clear that the possibilities of experimenting 
are far more limited in the social than in the physical 
sciences. 

In physics and chemistry we can experiment to our 
heart's content with elements and compounds, atoms 
and molecules, weights and motions, without meeting 
many difficulties. So long as we do not damage people 
or pioperty,' we can do as we please with the ele- 
ments and compounds, atoms, molecules, and so on. 
But, of course, we cannot be quite so free with human 
feeing^ and social institutions, which are the subject 
matter of our social problems. 

However, we must not think that experimentation 
is impossible in social problems. In recent years a type 
of large-scale experiment has grown more frequent: 
Certain measures, such as new school regulations or 
taxation procedures, are introduced into certain com- 
munities. At the same time, the experimenters also 
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observe other Communities, as similar as possible to 
the first group, but in which the new measures will 
not be introduced. You probably can see the rea- 
soning behftid'this procedure: The new effects caused 
by the new measures "can be more easily seen and 
judged by comparing what docs happen and does not 
happen in the two groups of communities. 

Suppose, for example, you wish to find out whether 
a certain program of neighborhood activities will cut 
down juvenile delinquency. Government or private 
agencies may be willing to finance the program on a 
large state or national scale only if they arc conv inced 
it will bring results. In this case, you might well use 
the strategy,' just described. 

Introduce the new prograftn in one or two neighbor-* 
hoods. Select a number of neighborhoods similar /o 
these in as many ways as possible, particularly as re- 
gards juvenile delinquency. But do not introduce the 
new program in them. Thus, both groups of neigh- 
borhoods, before our experiment, had about the same 
rate of juvenile delinquency. Let us caH it 100, Now 
suppose, after the new program is introduced int*- the 
first group of neighborhoods, the rate of juvenile *le- 
linquency drops to 30 or some such low figure.*If tlTc 
rate remains at or around 100 in the other group, there 
is a high probability that your program is really effec- 
tive. 

It is clear that this reasoning ' depends on several 
conditions: 

1. The degree of similarity in the neighborhoods, 
especially in the characteristics of the people. Only to 



tiic extent that the people in both communities re- 
spond in about the same way to the same things can 
the method of this experiment be used. For example, 
if you wished to include in your program, folk dance 
competitions for which there was enthusiastic interest 
in oue group' of neighborhoods, but in which the 
other group had no interest at all, we would not 
have a fair test. 

‘ 2. We must also make sure that the new program 
is the only change taking place in the first group, and 
that no change of any kind affecting juvenile de- 
linquency is taking place in the second group. (Other- 
wise, we might not be sure whether the results ob- 
tained are due to our program or to something else.) 
It is often difficult to be certain of such things in 
large social groups, whereas in laboratory experiment 




this is fairly easy. If we wish to test the effect of a 
chemical on plastic or a microbe on rats, we can more 
easily control the situation to see that the new thing 
is the only thing that is different. Then, if there is a 
new result, we can be certain of its cau%e. 

We usually refer to the group or case which*is not 
brought into contact with the new tinug as the “con- 
trol,” because it affords a basis of comparison v^jth the 
experimental group or case in which the new factor 
has been introduced. A project which tests out some- 
thing in this Yi^ay is often called a “fJllot” project, be- 
cause it shows the way for larger efforts to come. 
Organizations like UNESCO (United Nations Edu- 
cational Scientific and Cultural Organization) have 
launched several pilot projects for problems, such 
as overcoming illiteracy, in different parts of the 
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world. When we reflect that a majority of the hu- 
man race has never yet learned to read and write, we 
realize how important such projects ^rq. 

Many types of experimentation along these lines 
are possible, and have been carried out. An interest- 
ing experiment combining both physical and social 
science was recently carried out in several places. The 
aim was to see whether a certain chemical, introduced 
into the water supply of a city over a considerable pe- 
riod of time would eut down the rate of tooth deeay, 
especially among children. New experiments in social 
fields are constantly being undertaken in business, gov- 
ernment, and eommunity aetivities. 

At the same time we must remember that a high 
dv^ree of seientific progress can sometimes be made on 
the basis of observation alone. Even among physi- 
cal sciences, a field like astronomy owes most of its 
results to observation rather than experiment. We 
cannot do much with or to stars and planets, but we 
can watch th^m carefully. You may also have no- 
ticed fhat in our example about poverty and crime, the 
first three deductions from the hypothesis could be 
chcckqjJ by observation alone. Experiment would be 
neeessary only for the fourth deduetion. 

The final step of scientific method, drawing the 
conclusion, is, therefore, something that ean be done 
on the basis of either observation, or experiment, or 
both. It is clear also that it can be done in social as 
well as physical science, though not always with the 
same effectiveness— at least, as yet. 

Where there is a will, there is a way. The attempt 
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to put social knowledge on a scientific basis is some- 
thing comparatively new. During the last hundred 
years a goqfl deal has been done; and, without doubt, 
more and more ^'ill be done as time goes on. 

• TJie scientist feels Sure that wherever things can 
be observed to happen, causes and laws of some kind 
are at work bringing them about. And if the laws and 
causes are there, he sees no reason to believe it is im- 
possible to discover them. At any rate, he is deter- 
mined to try, and to keep on trying. It is a great ad- 
venture, and it has great rew^ards. 
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Arts and Sciences 

Creative Partners 


ndw SCIENCE HELPS ART 

In the first chapter of this book we pointed out that 
one of the reasons why science is studied is to enjoy 
the world more. It must not be forgotten that under- 
standing something increases the possibilities of en- 
joying* it; and ‘that is one of the links connecting 
science and art. For art also is, among other things, a 
way of enjoying the world. There is no antagonism 
between these forms of enjoyment. In fact, they co- 
operate with and supplement each other jn many dif- 
ferent ways. ,, 

Take for example any good stage plUy or motion 
picture which holds the audience’s interest. Millions 
of people all over the world may sit for hours, en- 
tranced by the effect it creates as it unfolds before 
them. Does not this effect depend on a close co- 
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operation of art*and science? Not only must the au- 
thor create characters, tell a story, and bring out 
moods. There must be scenery and background, light- 
ing and camera efftcts, projection and sound effects— 
a'thoysand and one “technical” devices to make the 
characters live, the story real and the moods convinc- 
ing. 

All these technical effects are, of course, the prac- 
tical applications of scientific knowledge— from the 
desigit and construction of the walls, ceiling, and seat- 
ing arrangements of the theater itself, so that all can 
hear and see as distinctly as possible, to the latest type 
of color film or telescopic camera lens. In fact, the 
very origin "cf motion pictures was partly dependent 
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on scientific invention. The “screen,”' which has come 
to play such a large part in the life of the world, is 
thus a result of the co-operation of science and art. 
Our enjoyment of what it presents bwes an equal debt 
to each. 

Unfortunately, not everything on the screen is of 
high quality. But when it does a good job, it is not 
only a means of pleasurable relaxation, emotional en- 
richment, adventure, and thrill. It is also one of the 
most effective and widespread means of communica- 
tion between different nations that the world has ever 
seen. 

For the screen not only overcomes the barriers of 
space and time which separate nations and peoples 
' N*rom one another; it also overcomes the barriers of 
language. When millions on one side of the earth can 
see how millions live on the other side of the earth, 
they can better understand one another’s problems. 
When they know they laugh at the same things, and 
cry at the same things, they have a bond which makes 
them 'feel less’ strange and alien to one another. 

Sharing things is a big step in getting acquainted, 
and the world today shares the movies. In this, the 
lilm is like music, which also speaks a language every- 
one understands. In cities all over the world, wherever 
you may travel* you will find many people acquainted 
with two products of present-day Anferican culture: 
Hollywood movies and our popular music. 

One could certainly wish that what they sometimes 
see and hear in this way gave a^better account of us to 
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the world. We may hope for improvement in that, 
as time goes on, and as more attention is given to 
these matters. Iji any case, it is very important to have 
products of art an 3 science which can create bonds of 
ehjoyinent and understanding between people, no 
matter how far apart they may be in space, time, or 
language. 

vjn radio, television, and recording we find combina- 
tions of art and science with similar values. Music, 
entertainment and public affairs which, a generation or 
two ago, were experienced only by a small minority 
of wealthy people, are now available to the vast ma- 
jority in any country where industry is well de- 
veloped. vTh as the progress ^f science creates greater 
and greater possibilities of enjoying the arts, and at 
the same time creates new art forms to enjoy 

However, it is not only in recent times that the 
operation of art and science has been so fruitful. 
When we stop to think of it, almost every art, how- 
ever old, depends upon one form or another of that 
co-operation. 

In most kinds of music, except vocal, a great deal 
depends on the careful construction of a comply 
musical instrument. The making of a fine viotin or 
piano in itself represents a combination of applied 
science and artistic craftsmanship. A» art like paint- 
ing owes a great deal to the scientific processes by 
which oil and water colors are produced. And architec- 
ture would exist only on paper were there no knowl- 
edge of mechanics, building, and engineering. 



SCIENCE AND THE ENJOYMENT OF BEAUTY 

The way in which science has aided the production 
and use of art forms is only one kind of co-operation 
in these fields. There are others equally, valuable. As 
we said before, it is a fact that scientific understanding 
adds to our enjoyment of beautiful things and, in 
many cases, cannot be separated from it. 

' Fcr example, -suppose a person knew nothing of 
the truth about the stars and planets. Could he be ex- 
pected to appreciate to the full their beauty and maj- 
esty? On a clear night probably everyone who steps 
out of doors feels impelled to gaze overhead at the 
countless points of light glittering in the heavens. No 
doubt this was just as true of primitive man tens of 
thousands of years ago, as it is of us today. Even 
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some of the animals seem fascinated by what they see 
in the night skies, and have their own way of reacting 
to it. 

But modem tm^n alone knows how tmly vast is 
space, how tnily huge ate those flaming masses, how 
tmly ftumbcrless they are, and how tmly great are the 
possibilities of other bodies and forms of life moving 
along with them. Does not this very knowledge help 
to make us feel their splendor? In fact, how would we 
be atjc to appreciate their tme magnificence without 
such knowledge? Without an understanding of the 
facts, wc might think all we were looking at was a 
number of small and pretty lights a short distance 
away. Thus we would be missing the real show alto- 
gether. Or,, if we were victims of superstition, we 
might be filled with a sense of terror instead of a 
sense of limitless, majestic beauty. 

The same applies to our enjoyment of the ocean, or 
of the woods and fields. Everyone who comes sud- 
denly upon a view of an immense body of water ex- 
tending farther than the eye can reaej^ and deeper 
than it can fathom, is held in awe-struck admir9tion, 
just as the sight of a full moon making a shining 
path of rippled silver stretching far.out to sea Jrolcjf 
people spellbound. When these people know some- 
thing of the many forms of life, both plant and ani- 
mal, that inhabit the ocean, do they r«t have a richer 
appreciation or its grandeur? If they know not only 
that the moon’s soft light reaches the surface of the 
waters, but that its powerful gravitational force is 
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pulling the tides that move through their depths, will 
that fact not add to the fascination and enrich the in- 
terest of the scene? 

CREATIVE IMAGINATION IN ART AND SCIENCE 

r 

In some ways the most interesting link bel 
science and art is what goes on in the minds of the 
artists and scientists who bring them into being. This 
link is creative imagination, which plays a large part 
in the work of the scientist as well as in that (jf the 
artist. At first sight, it may seem strange to assoeiate 
imagination with scientifie work. That is probably be- 
cause the word imagination is usually identified with 
“make-believe.” However, it goes mueh deeper than 
,that. 

, Imagination is not only a means of dealing with the 
unreal. It is also a means of dealing with the un- 
known. Tlie creative imagination of the scientist plays 
a great part in helping to make the unknown known. 
The way in which this takes place has many similari- 
ties to the work of the artist. To see these, let us re- 
call something of how the artist works. 

It should be remembered that the artist is by no 
Rieanr interested^exclusively in the unreal. When he 
makes believe, it is seldom just for the sake of 
“make-believe.” A good artist, whether he is a painter 
of pictures, a vfriter of stories or poeips, a composer 
of music, a maker of statues, a designer of buildings 
or any number of other things, is usually interested 
in some part of the real world. He wants to convey to 
other people something he has learned or felt about 
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some aspect of Human life as lie knows it. When he 
uses “make-believe,” it is mostly as a means of bring- 
ing home his point, of telling to others what he wants 
them to know or ^el. 

. Even when the artist’s only purpose is to entertain, 
that, foo, is a purpose, something he wants to do in 
relation to the real people of the real world. How- 
ev'er, as we all know from reading stories or poems, 
seeing plays, listening to music, looking at pictures, 
statuas, or buildings, artists have many purposes. 

Sometimes they want to eonvey eertain emotions 
which they have experienced. Or, they may want to 
reveal some tragic possibility of life which has moved 
them, or to depict scenes and characters which, to 
them, help make life worth living. Sometimes they 
want to show how combinations of colors, lines, 
shapes, and masses can bring out effects which arc dra- 
matic, suggestive, spectacular, or- graceful. Whatever 
their purposes, artists try to convey what they want to 
convey in a way that will enjoyably hold our interest. 

A good artist docs not work on jiisj any subject. 
To the novelist, not all stories are equally wortfl tell- 
ing; nor does the painter feel that all scenes or 
persons are equally worth painting. Different ^^rtisj^ 
have different ideas about what is worth working on, 
but all have some idea. In other words, a subject is 
not selected uqless the artist feels it hits importance or 
significance of some kind. 

In thus selecting a subject, is not the artist doing 
something quite similar to what the scientist does 
when he selects a problem? If neither one is imitating. 



144 THE 'WAY OF SCIENCE 

copying, or merely taking directions from someone 
else, then both are certainly performing a creative act 
at the very start. Each one visualizes the possibility of 
a new bridge between that which now exists and that 
which does not yet exist. Each one is convinced that 
this bridge, the solved problem or the finished art, 
will add something of value to what now exists. 

When we come to the question of how the bridge 
is to be built, it is even plainer that the methods of 
the scientist and the artist are similar (although not 
exactly the same) . The scientist’s ideas of how the 
bridge might be built are, of course, his hypothesis 
together with his plans for observations and experi- 
ments to prove it. For, as we have seen, after he has 
a problem, he must arrive at some idea of how that 
problem might be solved. Just so, the artist must ar- 
rive at some idea of how he is going to treat his 
subject, so as to accomplish the purpose and achieve 
the effects he has in mind. 

In other words, each must try to put what he al- 
ready knows into some new combination. In this way, 
he tries to figure out how to do something that has 
not yet been done. What is needed for such a task is 
creative imagination. Without it, no one can be either 
a good scientist or a good artist. 

Of course, there are many differences between the 
scientist’s work’and the artist’s. For example, the way 
in which each tests his ideas and results to see whether 
they are satisfactory is not the same. The artist pays 
far more attention than the scientist to the question 
of how his work affects the feelings and emotions of 




his audience. If a story, a j^icture, or a piece of mu- 
sic does not arouse and hold our interest, we u^- 
ally say it has failed as a work of art, even though it 
may contain a good idea or a great truth of some 
kind. 

A scientist’s work is not judged in that way. If he 
has good ideas and finds some tmth ^^ich inc;^eases 
our ability to explain, predict, and control, he is usu- 
ally regarded as successful. Yet the way in which he 
presents his results may be quite lacking in stylistic ef- 
fectiveness or dramatic power. 

However, this certainly does not mean that a man is 
a better scientist if he presents his results in a dull 
and uninteresting way. Quite the contrary is true. A 
scientist wants to explain things; and the more effec- 
tively he presents his results, the quicker and bettei 
he will be understood. When he is understood, he will 
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naturally have a better chance to obtain further op>- 
portunities or facilities which he may need for more 
scientific work. 

We might also mention, in passing, that an artist 
would not be considered a better artist because his 
work contained a great deal that was untrue in a scien- 
tific sense. Untruth in itself is certainly not preferable 
to truth. Of course, it is a different matter if the un- 
truth is in the form of deliberate “make-believe” 
which everyone recognizes as such, and which serves 
a purpose. In that case, the purpose itself usually goes 
back to something that is real, and is connected with 
truth. An artist can often beeome a better artist if 
he knows the scientifie truth about whatever he is 
dealing with. And a scierftist can often become a bet- 
ter scientist if he knows how to present the truth in 
an effective and interesting way, so as to bring out its 
full meaning. 

In view of these faets, it is not surprising to find 
people who are equally devoted to art and scienee, 
who {ire inteifcsted in and enjoy them both. We ean 
.even find men of first-rate talent in both fields at 
onee, sueh as the great Italian painter and scientist of 
fhe Renaissance, ‘Leonardo da Vinci (Vin'-chee) , and 
the ancient Roman poet, Lucretius (Loo-kree'-shuss) , 
who presented in his poetry some of the most 
advanced scientific thought of his tinges. 

Lucretius wrote almost two thousand years before 
our American poet, Walt Whitman. Yet he was 
carrying out, for his own day, a thought which Whit- 
man expressed in his Democratic "Vistas when he said: 
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“America demands a poetry tnat is bold, modem, and 
all-surrounding and cosmical, as she is herself. It 
must in no respect ignore science or the modern, but 
inspire itself with^sciertce and the modem.'' 

. Of course, people's tastes differ, and no one likes 
everything equally well. Ilow^ever, it is important to 
bear in mind that there is no reason whatexcr to be- 
lieve that if you are interested in and enjoy art, you 
cannot be interested in and enjoy science; or that if 
you ^ike science you must then dislike art. Art_jind 
science arc not antagonists, but partners. Working to- 
gether, they accomplish some of the greatest things 
that are within the power of man. 
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Tke Futu re of Science 


SCIENCE FICTION AND SCIENCE FACT 

Science is the sort of thing that can always look 
fo'rward to progress, even though it once slowed down 
for a thousand years. Hic reason is that the roots 
from which it grows— the ability to observe, manipu- 
late, and think— are part of man’s nature. And the 
soil in which •it grows — the need for understanding, 
prediction, and control— is limitless. ITiere will al- 
ways be more to know and to do; and, unless some- 
thing tragic should happen to the human race, people 
will always come forward, sooner or later, with cour- 
age and ability enough to meet the challenge. 

Nowadays w<f witness an cver-incre?sing flood of 
what is known as “science fiction.” Indeed, there has 
always been a certain amount of this sort of thing, 
from the earliest times. When we read ftjk tales, 
stories, and legends, some of which are so old we 



The Future of§ScieAce 49 

hardly know when they began; we can clearly see the 
desire to conquer time and space, and to lighten hu- 
man labor. We see the human imagination leaping 
ahead to the possibility of breath-taking triumphs 
over monsters which thi’eaten people. 

The seven-league boots, the cape that made its 
wearer invisible, the flying carpet, Aladdin’s lamp, the 
magic beans that grew a stalk into the clouds— are 
these not the remote ancestors of Superman with his 
bullet-proof body hurtling through the air, of the 
space ships and space men, of the mechanical monster 
with the electronic brain, of the invisible man^ 

How many stories there are, which for thousands 
of years ^ere nothing but fairy tales, of man flying 
through the air on magic cSrpets, magic horses, with 
wings of wax, and in all sorts of other ways! Ajjid 
how curious it is to reflect that inan not only did learn 
to fly, but that the way in which he did it made most 
of the imaginary methods seem rather poor. How 
could a mere magic carpet compete with the comforts, 
speed, convenience, and roominess of tAnsoceaqic sky 
cruisers and the latest jet liners? 

It is not only in folk tales and fairy stories that 
men of old expressed their hopeS and dresftns df 
overcoming the obstacles of time, space, and natural 
forces. The serious literature of scientific imagination 
is also very old. For example, Emj>e<focles (Em-ped'- 
o-kleez) , a noted thinker of ancient Greece, who 
lived 2,400 years ago, forecast the possibility of con- 
trolling the winds and the weather, and even of re- 
viving the dead. 




While this type of liferature sometimes becomes 
associated with harmful forms of sensationalism and 
commercialism, it is, when well done, a source of 
strength and inspiration. It dramatizes the desire for 
and belief in scientific progress, and that is some- 
thing which is very valuable. What should be kept in 
mind» of coufse, although unfortunately it is seldom 
brought out, is that upon which the progress of 
science depends; the method we have been discussing. 
^ Thfere is nothing wrong with enthusiasin, adven- 
ture and excitement in themselves; and the progress 
of science ow^ something to them. But, of course, 
they must be joined to a method thart is capable of 
bearing fruit. Otherwise, they will be barren, perhaps 
also misleading and detrimental. While th ^Tf* 
plenty of adventure in scie nce, we must riot forg et 
th at there is al s o plenty of hard work, some of it 
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quite unexciting in itself. Likelany other complex and 
enjbyAle activity, science requires patience and prac- 
tice to be learned. 

The really remarkable thing, as we look back over 
history, is the fact fhat*the actual progress of science 
has put so many of these flights. -of-fa ncy in the 
shade. Not only do we find numerous instances, such 
as the airplane, telephone, and submarine, where the 
actual accomplishment, when it came about, was far 
more p)Owerful and efficient than the purely imagi- 
nary construction. We can also find plenty of cases, 
such as radio and television, where apparently even 
the strongest imaginations were unequal to the task 
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of thinking up such pJ^sibilities untik shortly before 
they were realities. 


NEW WORLDS TO CONQUER 

A good deal of the science fiction of tod ay is con-s 
cemed with the exploration of jpace_j_interplan§tary 
travel, and the like. While of course, nothing of this 
kind has yet been done in fact, the judgment of many 
responsible scientists for some time past has been that 
the actual progress of science is bringing us closer<>and 
closer to that jjoint. More and more serious work is 
being done on means and methods of flight to other 
bodies, such as the moon and nearby planets. 

There can be little doubt that one of the great 
areas of future progress in* physical science will be in 
that direction. Indeed, it may he said that the progress 
we* have already made in only fifty years, from the 
complete absence of any power-driven flying machine 
to the best planes of today, is greater than the prog- 
ress we need to make from today on in order to reach 
the moon. Today, such a goal might be regarded as a 
matter of degree. Its attainment depends upon im- 
proving a method which already exists, while the orig- 
inc.1 dei/elopment of a workable flying machine was a 
far more radical step, something quite new. 

In the process , of trying to reach the goal of in- 
terplanetary exploration and travel, pQjple will un- 
doubtedly be exposed to many a danger, adventure, 
and thrill the like of which no human being ever ex- 
‘-jJerienced before. Truly, what they will meet with no 
. one can say, except that, as in earlier instances, the 
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reality will probably be far mdte wonderful and valu- 
able than the creators of fiction are able to imagine. 

If wc were considering possibilities of •the far dis- 
tant future, we A^ould have to take account of the 
f&ct^hat our sun, with^ts nine principal planets that 
we are aware of, and the moons following some of 
them form only one planetary system. Our sun is a 
star; and so far as we know, many stars may have 
families of planets und moons. Because planets and 
satellites are so much smaller than stars, we have 
not yet been able to find out the actual situation. 
Astronomers estimate that there are hundreds of bil- 
lions of stars; thus, planets may be very numerous. 
Since a.gr?nt variety of life forms exist on the planet 
earth, the question has often been raised whether life 
may not be found on other planets. 

Among the planets revolving around our own sun 
there is one. Mars, which seems to have natural con- 
ditions for maintaining some forms of life as we 
know them, particularly plant life. But when we con- 
sider what might exist among the nurflerous pjanets 
which may be following other stars, there is room for 
many, many further possibilities. 

If the discovery and exploration 8f continents liKb 
North and South America on our own planet opened 
up such great possibilities for mankind that we speak 
of the New World, what may the discovery and ex- 
ploration of other planets mean? The answer to such 
a question may well be beyond even the most power- 
ful imagination today. 



FROM ATOM TO STAR 

It is not only in the skies that there are new worlds 
to conquer. In a drop of water, in tlifc smallest seed, in 
a single living cell, in organisms so minute that^they 
can be seen only under a microsope, and, indeed, in 
things so tiny they cannot even be seen under the 
most powerful microscope yet built-in the atoms 
themselves— many a new world is waiting to be con- 
quered. ^ 

In these small but very complex structures are the 
forces which accomplish the results that have always 
been seen— growth, health, disease, motion, vegeta- 
tion, decay, weather, chains of mountains, clusters of 
stars. But only now are we beginning to understand 
tly^m. We.,have been observing these things with the 
msUumenJte and jnethpds of modern science, for. less 
than a hundred yea rs. HgicCj this wh ole stq^ is only 
jusV^ginning. 

"" We do not usually stop to think that a discovery so 
basic ns thc'gBrm theory of disease is less than a life- 
time old. Many people alive today were actually bom 
before it was established. Great progress resulted, but 
somej^f th e gre atest victories- . rnedjcal scirace 
are s^l__to.be_won. Many a deadly disease stilly re- 
malns unco nquered. In every science, many a key 
problem still remains unsolved. 

E^n at these early stages, a curious fact has 
^emerged: The smallest units of matter, the atom and 
its parts, seem to be organized in a way which sug- 





gests a degree of resemblance to the way in which the 
largest units, the stars, are organized. Certain electrons 
within the atom appear to whirl around the nucleus 
at its center somewhat as our planets circle the sun. 
Scientists do hot yet know enough about such re- 
semblances to draw many conclusions. But all are 
agreed that one of the most important achievements 
of modem science* was the discovery, just a few years 
ago, of a method of releasing the immense energy 
stored up in thes^tiny atoms. 

This discovery meant two things: First, it was the 
experimental proof that the basis of the modern 
theory of the atom is correct. That is, this particle of 
matter, so small that we have so far seen not it, 
but only its effects, really is a storehouse of almost un- 
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believably powerful energies. Ability to predict and 
control was thereby increased on a large scale in vari- 
ous directions* 

Second, this very jnergy, taken from the tiniest 
unite of matter known, makes it possible for us to 
think of exploring the largest units of matter known. 
The idea of constmeting some form of aircraft capa- 
ble of covering the immense distances between our 
eart^ and other astronomical bodies received great en- 
couragement when a way was found to split the atom 
and release its energy. Why? Because this discovery 
presented a possible solution to a problem that had 
baffled every creator of imaginary space ships: how 
to have k tremendous quantity of power or fuel 
stored up and ready for use in a small container. 

In all these fields, far and near, large and st^^ll, 
there is room not only for the greatest progress in the 
known sciences; there is plenty of room for the crea- 
tion of new sciences. There is no reason to suppose 
that the number of sciences will remain forever what 
it now is. Only, of course, the dangers of •water- 
ology” must be avoided. New sciences that arc genu- 
ine, and accepted as such, will not be mere collections 
of tmths. They will be collections *of those psuticular 
truths which solve problems and explain things in 
such a way as to give us new powtjs of understand- 
ing, predictidh, control. 

SOCIETY, SCIENCE, AND YOU 

And, certainly it is not only in fields of physical 
science that there is room and need for progress. In' 
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social fields there is, if Jfnything, even more room and 
need, not only for progress in the known branches of 
knowledge, but also for new scienees. Xhis need could 
hardly be exaggerated. As we^have* remarked several 
times before, the very progress of physical sci«ncej 
which resulted in the construction of atomic bombs, 
has placed before us the following social problem: 
We must either find a way to adjust international re- 
lations peacefully, or we may destroy civilization, and 
possibly the human race along with it. 

On the other hand, it is equally clear that if world 
wars can be prevented, and all the new possibilities are 
used for peaceful progress, a new age may well dawn. 
Atomic energy applied to, industry, medical research 
increasing by leaps and bounds, new scientific fields 
opening up— all this could indeed bring us benefits 
we can hardly imagine. But in order to take advantage 
of such possibilities, we must solve our social prob- 
lems. 

In a sense, it is not surprising that our social 
knowledge iS still at an early stage of scientific de- 
velopment. As we noted before, less than a century 
has passed since the first attempt to work out a strict 
science of society. How far this goal can actually be 
fulfilled still remains to be seen. But there is no 
doubt that maiiy' kinds of progress can and will be 
made. *’ 

The existence of poverty and h unger among masses 
qf p eople, wi desip rea d illitera cy and ignorance, large- 
scale crime , drug addict ion , alcohohsm— fHTiigs of 
'This kind are ~so~ mafi j^ challenges to the mi nd of 
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thinkin g man. Can we find crises and remedies? Can 
we solve these age-old problems? Those are questions 
you will help, to answer, one way or the* other. 

Problems of ftiis kind have been with us for a 
lon^, long time. Some of them are as old as “civiliza- 
tion,” and there are people who sincerely believe we 
shall never get rid of them. On the other hand, we 
must take account of the fact that civilization itself is 
only a few thousaild years old. Physical science, in its 
highly organized modern form, is only a few hun- 
dred years old, while social science, in its strict sense, 
is less than a century old. 

When we consider these facts, we cannot help but 
feel thi«t' c”’!lized man is, so to speak, only in his in- 
fancy. We have not really been trying to apply the 
method of science very hard for very long. It wo^uld 
be strange indeed if many, many more ways were not 
found to apply it to many, many moie problems. 

There, after all, is the point. The main thing is 
not w'hat has been done so far, but what remains to 
be done. Science is not something finished ai^ com- 
pleted, like a magnificent monument created by past 
m'asters whose ^rk~we are asked to admire from a 
respectful distance. It is a building still in prflcess*of 
c onstructio n, a building of which perhaps o nly the 
foundations have been laidT a nd you a rc invited to 
l oin in the task ot making it^grow, 

The cornerstone of the great foundation is the 
method which we have discussed. In approaching 
science, not only now, but throughout your life, re- 
member that. Th^concl usions of sc i ence chan g e froj n 
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ti me to time because new trtk hs are dis cov ered ^ and 
pro gress is m ade. For example, you are being and will 
6e^ iaught the latest findings in various fields of 
science. Many oP these may be new and strange not 
bnlj( to you, but to your parents. When they went to 
school, some of our present knowledge had not yet 
been discovered. Just so, some of the facts that may be 
taught to children of yours in the future probably 
will be new and strange to you. 

VlTiat remains firm is the basic m^etho d. ThaL Js 
the key to an understanding of the pr ogr ess that has 
been made, and it is the key to n^e progress. The 
great lesson science has to teach is its way of. working. 
We hopxthis book has helped you to Begin really to 
learn that lesson, and to convince you that the lesson 
is well worth learning. 



Questions for 
D iscussion an a R evie^ 


!^ost of these questions require real thinking, and 
are not easy. But they will be found rewarding if 
there is time to work with them. In each case, the an- 
swer is in the content of the chapter. As a, whole, they 
reflect the main themes of the book. 

1. Tell of things you did or used during the past 
twenty-four hours which would not have been pos- 
sible without modem science. 

2. Discuss why yv*e need social science. 

3. “Everyone feels a need to understand things.'^ 
Give some reasons to show this statement is true. 

4j, Give an instance from your own experience of how 
knowledge about something led to grea'ter enjoy- 
ment of it. 
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5. Tell of some simple prolllem outside of school 
work which you yourself solved by logical thinking. 


CHAf»TER II 

1 . What does the human species possess, by means of 
. which it was able to create sciences? 

2. Wliat peoples were rcsp)onsible for the earliest be- 
ginnings of systematic knowledge? What were 
some of their first achievements? 

3. Discuss the scientific work of the ancient Greeks, as 
regards: 

a) discoveries and theories in specific fields of 

scie-r;:-., 

b) general principles basic to all fields of science. 

4. Man is a social creature. Explain how this hel^d 
him to create sciences. 


1. 


2. 


CHAPTER III 

Although the expression Dark Ag 9 s is soiyetimes 
misused or exaggerated, it has a meaning in refer- 
ence to the history of science. What is that niean- 
ing? 

What is the reasoning behind Copernicus' idea 
that the earth rotates like a topf^ 

Explain i^hat is meant by saying that Ptolemy 
made more assumptions than Copernicus. 

Discuss some of the things that Newton’s Lav^of 
Cravijjation explained which could not be explained 
before. 
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5. Explain the questioif which Darwin was trying to 
answer with his theory of Evolution. 

CHAPTER IV 

1. Suppose someone offered the following definitsion:' 
''A science is an organized collection of truth based 
on observation.” Explain why such a definition 
would be unsatisfactory. 

2. a) Discuss some of the things waterology ha^ in 
common with genuine sciences. 

b) Explain what is lacking in waterology that is 
found in genuine sciences. 

3. Discuss what Francis Bacon meant by saying that 
knowledge is power. 

4. Tell some of the predictions you can make from 
each of the following statements of scientific find- 
ings; 

a) The disease called yellow fever is transmitted 
to humans by certain types of mosquitoes. 

b) The earth completes a rotation from west to 
east every 24 hours. 

c) Fatigue causes people to make errors, in both 
mental and physical operations. 

CHAPTER V 

1. Summarize th^main steps in the basic method of 
science. Then identify each of the' steps in the 
following account: 

A group of children on a vacation trip in the 
country were spending their first night 'n an old 
farmhouse that had not been lived in for a long 



Questiotis . 6 5 

time. After flark, as they A^ere sitting around tell- 
ing stories, peculiar sounds like whistling and 
moaning were heard. The sounds seeiqed to come 
from upstairs, ■hut it was hard to tell. A discussion 
l^gan as to what thtey were. Some of the children 
believed in ghosts, and were frightened. Others 
said someone was upstairs playing a triek. But a 
cheek showed that everyone in the group was 
downstairs, and -there was no one else in the house. 
Then others said it must be the wind eoming 
through some openings or cracks. One by one all 
windows and doors were closed, and any holes or 
cracks that could be found were stopped up. The 
children discovered that when they elosed the at- 
tic door tight, the noisesf stopped, but when it was 
left slightly loose without being latehed firmly, the 
wind whistled through the narrow openings, caus- 
ing the peculiar sounds. Everyone then slept bet- 
ter, especially those who had been thinking about 
ghosts. 

2. In order to use seientific method in «ny fielc^ show 
why we must have: 

a) a clearly stated problem 

b) an hypothesis. 

3. What is meant by the process of deduction? Ex- 
plain what part it plays in scienyfic method. 

4. Finish the«e statements by makiftg some deduc- 
tions from what is given in eaeh ease: 

a) If the figure is a square, then . . . 

b) If the bottle contains pK>ison, then . . . 

c) If tnis type of microbe is the cause of cancer, 
then . 
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d) If John has a grandfather named Joseph Mil- 
ler, then . . . 

5. Explain »why scientific method of Jen leads to a 
higher and higher degree of probability rather than 
to absolute certainty. 

CHAPTER VI 

1. WTiat kind of problems do social sciences try to 
solve? Give instances from different fields. 

2. Explain what is meant by saying that the physical 
sciences are more advanced than the social sciences. 

3. Discuss how scientific method might be applied to 
the following problems: 

a) Finding the most successful methods of study 

b) Decreasing traffic accidents in your community 

c) Deciding whether radio or newspaper adver- 
'tising (of the same cost) sells more products of a 
certain store. 

4. 7 ’ell about Auguste Comte and his work. 
chapi;er VII ' 

1. Discuss some of the ways in which science and art 
co-operate. 

2? Explain how 'u scientific knowledge of metals, 
glass or gems might increase our appreciation of 
the beauty ot art work done in metal, glass or 
gems. 

3. Show how scientists need and use creative im- 
agination. 

4. Show how literary or other artists can prpfit from a 
knowledge of scientific truth. 
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CHAPTER VIII 

1. Why can it be said that the actual progress of 
science oft^ goes beyond science ficticjn? 

2. Make a list of things you would like to see in- 
vented or problems you would like to see solved in 
fields of physical science. 

3. Make a list of problems you would like to see 
solved in fi^ds of social science. 

4. In order to understand science, and to make fur- 
ther progress, what should be given special em- 
phasis? Why? 
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